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FOREWORD 

S h o r t l y  a f ter  t h z  N a t i o n a l  ' n v i r a m c n t a l  P o l i c y  A c t  of 1969 (XEPA) was e n a c t e d ,  
t h e  Atomic Energi'  Com;nissiori (AEC)  3 n i t  iaeeci a program of L r e p a r i n g  e n v i r o n m e n t a l  
a s s e s s m e n i s  and i m p a c t  s t a t c r c n t s  c o n c c r n l n u  o n a o i n d  a c t i v i t i i s  a t  v a r i o u s  ACC 
l a b o r - t o r i e s ,  ma ]or s i t e s ,  ani! pr<>j-cts, i n c l u d i n g  the Rocky r l a t s  P l d n t  s i te .  

The E n c r q y  R e o r g a n i z a t i o n  Act o f  1 9 7 4  rcsu1tc.d i n  t h e  AEC b e i n q  d i s s o l v e d  and 
~ t s  f u n c t i a n s  b- l ing drvidcrf  i l n i rmr .  t w o  n c w l ! ~  Ccrmcd aqencies. One of t h o s e  a g e n c i e s ,  
t h e  L n e r q y  Pia.soarcfi ar: ? D e v e l a p w n t  Adminis+ rat  i o n  ( E W A )  , assumed c e r t a i n  AEC 

r e s p o n s i b i l i t i e s  on J a n u a r y  1 9 ,  1 3 7 5 ,  t h a t  i n c l u l e c !  o p e r a t i o n  of t h e  Rocky F1 i ts  

P l a n t  s i t e  at Golder, C o l c r a i o .  rr. 1977, t:?t.se EHDA r e s p o a s i b i l i t i p s  &ere a s s i g n e d  
t o  the 0 e p a r t n c r . t  o f  Fr.erw { D O r ) ,  its a r e s u l t  c)F t h r  D e r n r t m e i . t  of E n e r g y  O r g a n i z a t i c n  
A c t .  

Notice of  Lt p u D l i c  ! i t -  iri:i<i on the 9: IS vas [ ' u b l i s h e d  i n  t h e  F e d e r a l  Register, 
i n  A p r i l  1 0 7 8  (43 FP 173911. !kc'!' :wndui-trd t'lt. w b l i c  h p a r i n q  i n  Denver on 
May 2 4  an<$ 24, 1978. Tht\ I I~ : ' os -  of  t h i s  hc,arir:cf has to  afford f u r t h e r  o o o o r t u n i t v  

for p u b l i c  r^omrr,cnt and to prw'~c!e a ~ I ~ : ~ t i c ? n a l  i r ~ f o r m a t i o n  to  ass is t  DOE i n  t h e  r e v i e w  

o f  t h e  e n v i r m i c c T t a 1  r f f c x c t s  of cani :nued o : w r a t i n n  of t h e  P l - a t .  A DOE 'S ia f f  

S t a t e m e n t  i n  ?c.sponsc t o  ('onrt,::ts Pcct.ivcJ o n  ' h r  D C I S "  was issucd i n  A p r i l  1978 
a n d  made available to  t h o s c  whr) comcntcv! o n  t h c  D r I S  ant7 o t h e r s .  It summarized anc! 
a d d r e s s e d  t b c  s u b s t a n t i \ * c  p o ~ n t s  raise:! i i i  t \c  written corunents.  S p e c i f i c  i s s u e s  
r a i s e d  a t  t h e  h e a r i n r t  were r-cordc'd I n  t h e  I ! r a r i n t r  T r a n s c r i p t  and R e c o l d .  C o p i e s  of 
the t i e a r i n q  T r a n s c r i p t  and Record, which i n c l i d e s  t h e  n r e s i d i n g  b o a r d ' s  s t a t e m e n t  

a n d  t h c  w r i t t e n  r c s p o n s c s  to p a r t i c i r a n t s .  were l i s t r i b u t c d  t o  a 1 1  h e a r i n g  

p a r t i c i u a n t s ,  and are a v a i l a b l e  i n  a p p r o p r i a t e  DOE P u b l 2 c  Docurrent Rooms. 
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Wo previous environmental statements have been issued for certain activities 
at the Plant site. One concerned a new plutonium recovery facility (WASH-1507, 
USAEC, January 19?2*); a second concerned land acquisition (WASH-1518, USAEC, 
April 1972). Environmental assessments were also written for the Wind Systems Test 
Center at Rocky Flats and for soil removal of the "lip area." 

This final EXS (FEIS) incorporates a number of chanoes as a result of the 
comments and suggestions received on the DEIS. The major additions and revisio:s 
are noted below. 

Volume I ,  Chapter 2, includes updated information on seismic stability of the 
area and seismic design criteria are presented. A mechanism for dissemination of 
the data from seismic studies in proqrcss is specified. The Plant's personnel 
protection program with respect t3  nonradioactive mlterials, Plant secuiity systems, 
and the emergency plans of the Plant and the Statr of Colorado are discussed in 
greater detail. Xatcrial on the environmental monitorinq program has been updated 
t0 reflect current monitoring and measuring conditions. Dis'*ussions of various soil 
sampling methods, pl-.toniun backsround levels in soil, and plutonium soil standards, 
are presented. A 'ew scientific report is included JS Appendix A-2,  which provides 
added informatio? on the behavior of transuranics in soil, Yore detail. d information 
on HEPA filter efficiency is also prcsmtcd. 

The dose calculations in Chaptcr 3 were extended to include comparisons of 
organ doses to natural background organ doses as well as the dose to the whole body. 
Doses to women and children are considered by exposure pathway as dell as tho>.-. 
for *Standard Man." A detailed presentation on the metho3ology for dose calculations 
is included as Appendix F. All source terms have been reviewed and revised as 

appropriate. The demography has been rccvaluatpd and dose effects are calculated 
as a function of linear distance (not considering the effects af terrain) to a 
radius of 50 miles from the Plant. 

A l l  credible accident scenarios were revicwcd and details updated. A comprehen- 
sive discussion of genetic and health effects is Di-csentcd in hppendices G-2 throuqh 
G-4. Also, nonradioactive toxir material spill data is discussed and a maximum 
credible accident for beryllium is pastulated. The discussion of transportation 
shipping containers and apvlicable rcqulations was updated. A discussion of the 
nuclear materials inventory system was added. 

*rt-roughout this document, references are noted within parentheses. The author cr 
responsible organization is mentioned first and is followed by the prlblicatioh date. 
A l l  references are identified fully at tke end of the section in which they are 
noted. The detailed references are listec! alphabetically according to the 
originating organization or by the key author's last name. 
appears last. 

The publication date 

, 
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Chapter 5 was revised to roflect the effort aiid cost involved in decontaminating 
soil, both on-site and offsite, relative to various decontamination criLeria which 
might be employed. 

Reports and documents included as Appendices to the DLIS, but which are now 
available to the public, are not reprinted as Appendizes. Several new Appendices 
have been added. 

To aid the reader in understanding the text, a glossary of terms not in cornmoll 
usage by the general public i s  included. An index has been included to aid the.. 
reader in identifying topics of special interest. As a further aid to Understanding, 
English units of mr:asurc have been used, for the nost part, throughout this document. 
Exceptions occur In technical discussions in which metric units are more commonly 
used. Volume 11 contains thc detailed technical background on which the conclusions 
in the impact statement are based and Volume Ill contains the comments received to 
the DEIS with sssociated responses. 

Numerous references are n Jde herein to ERDA %in*.ml Chapters !ERDAM) which 
continue to serve as apr'ropriate DOE guidelines witil suierseded by final DOE 
Orders and Manuals. 

iii 
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CEQ 
cfm 
CFR 
C i  

approximately 
approximately equal to 
degree Celsius or Centigrade 
degree Fahrenheit 
prea ter than 
greater than or equal to 
less than 
micro (a prefix meaning 10'~) 
microcurie 
chi -over-Q, dispersion factor 

P-tomic Energy Commission 
silver 
a1 umi num 
As Low As Practicable 
Albuquerque Operations Office (an organizational comzlex within the 
U.S. Department of Energy) 
ameri c i um 
Atmospheric Reledse Advisory Capability 
Aerial Radiological Measuring System 
arsenic 
Atomic Munition Explosive Rail Transport Car 
average 

boron 
barium 
berylf ium 
Biological Effects of Ionizing Radiation (a report) 
Biochemical Oxygen Demand (five-day incubation period) 
bromine 
British thermal unit 

calcium 
carbon tetrachloride 
cadmium 
Colorado Department of Health 
cerium 
Council on Environmental Quality 
cubic feet per minute 
Code of Federal Regulations 
curie 

M 



ABBREVIATLONS, SYHBOLS, AND ACRONYMS (continued) 

C1 
c1- 
cm 
cm 2 

3 
C 3  

CN- 
co 
CO 
C.O.D. 
Cr 
CS 
csu 
cu 
cu 
CY 

dBA 
DCPA 
DEIS 
d/m/g 
D.O. 
DOD 
DOE 
DOS 
DOT 
DRCOG 

ECC 
EIS 
EML 
EOC 
EPA 
ERDA 
ERDAM 
f 
F 
F- 
Fe 
FR 
FTS 
FY 

chlorine 
chloride 
centimeter 
square centimeter 
cubic centimeter 
cyanide 
carbon moioxide 
cobalt 
chemical oxygen demand 
chromium 
cesium 
Colorado State Unive-sity 
University of Colorado 
copper 
Calendar Year 

decibel (on the "A" scale) 
Defense Civil Preparedness Agency 
Draft Environmental Impact Statement 
disintegrations per minute per gran 
dissolved oxygen 
Department of Defense 
Department of Energy 
Division of Operational Safety 
Department of Transportation 
Denver Regional Council o f  Governments 

Emergency Control Center 
Environmental Impact SLatement 
Environmental Measurements Laboratory 
Emergency Operating Center 
Environmental Protection Agency 
Energy Research and Development Administration 
Energy Research and Development Administration Manual 
femto 
fluorine 
fluoride 
iron 
Federal Register 
Federal TeleComunications System 
fiscal year 



3H 
XASL 

HC 
sic1 
HEPA 

Hg 
hm 
hr 
HUD 

I 
ICRP 
in. 
INEL 
IRAP 

JCHD 
JWACC 

K 
keV 
kg 
knr 
Kr 
kV 
kVA 
kW 

tAs 
lb 
Li 
UFBR 

LSA 
lprp 

ABBREVIATIONS, SYMBOLS, AND ACROWMS (continued) 

acceleration due to gravity 
gram 
gross alpha 
gallon 
ge m a  n ium 
gallons per minute 
gastrointestinal 

tritium 
Health and Safety Laboratory; renamed Environmentrl Measurements 
Laboratory, EHL 
hydrocarbons 
hydrochloric acid 
High Efficiency Particulate Air (filter) 
mercury 
hectometer (1OOm; 0.1 Km) 
hour 
Department of Housing and Urban Development 

iodine 
International Commission on Radiological Protection 
inch 
Idaho National Engineering Laboratory 
1r.teragency Radiological Assistance Plan 

Jefferson County Health Department 
Joint %clear Accident Coordinating Center 

pot ass i urn 
kiloelectron volt 
kilogram 
kilometer 
krypton 
kilovolt 
kilovolt ampere 
kilowatt 

linear alkyl sulfonate 
pound 
lithium 
Liquid Hecal Fast Breeder Reactor 
liters per minute 
Low Specific Activity 
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ABBREVIATIONS, SYMBOLS, AND ACRONYM (continued) 

/- 

f 

m 
2 m 
3 m 

MIA 
rn 
HETS 
HeV 
Hg 
m u 1  
mgd 
mi 
Un 
no 
nPc 
npc 
HPLB 
MPSB 
mrem 
W A  
MJ-hr 

N 
Na 
NAWAS 
Nb 
NCAR 
nCi 
NCRP 
NEPA 

Ni 
NO 
NO; 

NO; 
NOAA 
NPDES 
NRC 
NRDC 

"3 

NO2 

meter 
square meter 
cubic meter 
Hinioum Detectable Amount 
Hfnimum Detectable Concentration 
Metropolitan Emergency Telephone System 
million electron volts 
magnesium 
milligram per liter 
million gallons per 
mile 
manganese 
molybdenum 
Harginal Propensity 
Maximum Permissible 
Maximum Permissible 
Maximum Permissible 
mi 11 i rem 
megavolt ampere 
Eegawatt hour 

nitrogen 
sodium 

t o  Consume 
Concentration 
Lung Burden 
Systemic Burden 

National Warning System 
niobium 
National Center for Atmospheric Research 
nanocurie 
National Council on Radiation Protection and Measurements 
National Environmental Dolicy Act 
-on i a 
nickel 
nitrogen oxide 
nitrite 
nitrogen dioxide 
nitrate 
National Oceanic and Atmdspheric Administration 
National Pollutant Discharge Elimination System 
Nuclear Regulatory Commission 
National Resources Defense Council 
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ABBREVIATIONS, SYMBOLS, AND ACRONWS (continued) 

OP 
ORIGEN 
OWL 
OSHA 

P 
Pa 
Pb 
PCB 
pCi 
PH 

PPm 
psi 
psia 
Pu 
PVC 

R&D 
Ra 
Rb 
RCG 

rem 
RFAO 
RFP 

S A D  
Sb 
scfh 
sc fm 
Se 

Si 
Sn 
SNM 

S r  
SS 
SST 
SWECS 

, sec 

so; 

Office of Preparedness 
The O W L  Isotope Generation and Depletion Code 
Oak Ridge National Laboratory 
Occupational Safety and Health Administration 

phosphorus 
protactinium 
lead 
polychlorinated biphenyl 
picocurie 
negative logarithm of  the hydrogen ian concentration. 
a pH lees than 7;  bases are greater than 7 .  
parts per mil!ion 
pounds per square inch 
pounds per square inch absolute 
plutonium 
polyvinyl chloride 

Acids have 

Research and Development 
radium 
ru bi d i ern 
Radioactivity Concentration Guide (a  subscript "a" after RCG repre- 
sents air; a subscript "w" represents water). 
roentgen equivalent man 
Rocky Flats Area Office (an organizational component of WE) 
Rocky Flats Plant 

Safety Analysis Report for Packaging 
ia t imony 
standard cubic fe?t per hour 
standard cubic feet per minute 
s e 1 en i um 
second 
si 1 icon 
t i n  
Special Nuclear Materials 
sulfate 
stron Lium 
saspended solids 
Safe Secure Trailer 
Small Wind Energy Conversion System 
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T 
Ta 
T Colifow 
Tc 
Th 
Ti 
TI 
TDS 
TRU 
TSA 

. I. 

U 
USAEC 
USDA 
USDC 
'JSEPA 
USGS 
USPHS 

v 

W 
Wt x 

Xe 

b 

ABBREVIATIONS. SYMBOLS, AND ACRONYMS (continued) 

metric ton (tonne); 1000 Kg 
tritium; also H 
tail t a lun 
totzl coliform 
tellurium 
thorium 
c i rani urn 
thallium 
Total Dissolged Solids 
Transuranium 
Transuranic Storage .%rea 

3 

uranium 
United States Atomic Energy Commission 
United States Department of Agricult*ire 
United States Department c)f Commerce 
United States tnvironmsntal Protection Agency 
United States GeaZogLcal Survey 
United States Public Health Service 

van ad i um 

tungs ten 
wight percent 

xenon 

year 

zinc 
2 i rcolr ium 
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The following terms are defined in accordance with their use in this Environ- 
mental Impact Statement. Alte-nate definitions may exist th - are not applicable to 
the intended usage ir. this document. 

actinide series - A series of heavy radioactive metallic elements of increasing 
atomic number beginning with actinium .(element number 89) and progressing to the 
end of the periodic table. 

usually given in terms of the number of nuclear disintegrations occurring in a 
given quantity ot  material over a unit of time. 
the curie (Ci). 

activity - A me\asure o f  the rate at which a material is emitting nuclear radiations, 

The standard unit of activity is 

acute - Occurring over a sh,lri period of time. 

aerodynamic mean diameter - The aerodynamic mean diameter is the diameter of a unit 
density spherical particle which settles in a fluid at the same velocity as the 
particle being considered. 

radioactive or nonradioactive substances. 
air sampling - The act of collecting sanip:?s 7 €  air to detect and measure airborne 

aliquot - A fraction of a substance taken for sampling purposes. 

alluvium - The materials eroded, transported, ,d deposited by streams. 

alpha activity - The ejection of alpha particles from the nucleus of an atom. 
alpha particle - A positively charged particle emitted by certain radioactive mater- 

ials. It is made up of two neutrons and two protons bound together, hence is iden- 
tical with the nucleus of a helicm atom. It is the least penetrating of the three 
common types of radiation (alpha, beta, gamma). 

ambient air - Surrounding air. 
americium (Am) - A synthetic radioactive element of atomic number 9 5 ;  a transuranic 
nuclide recovered as a by-pxoduct o f  the plutonium recovery process. 
by alpha emission and has a 434-year half-life. 

ficant quantities of water to wells and springs. 

area of plutonium-contaminated soil that is covered with a layer of asphalt. 

Am-241 decays 

aquifer - h formation that contains sufficient permeable material to yield signi- 

asphalt pad - An expression used at the Rocky Flats Plant in reference to an on-site 

atomic number - The number of protons in the nucleus of an atolr. 
attack (chemical) - Corrosion caused by chemicals; chemical reaction. 

background - Radiation in man's environment from naturally-occurring radioactive ele- 
ments and from failout. 

beta decay - Radioactive decay in which a beta particle 5s emitted from the nucleus. 

I -  
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beta particle - Aq electron of either pcsltive or negative charge which has been 

biota - The flora and fauna of a region. 
blowdown - The continuous or periodic discharge of a portion of cooling tower water 
to control the level of solids in the circulating water. 

book inventory (BI) - The inventory reflected by accounting records, such as the 
general and subsidiary ledgers; the amount of nuclear materials shown by the 
records to be present at a given time. 

briquette - A compacted, often brick-shaped mass of metal pieces and/or chips. 

burden - The amount of a specified radioactive material or the combined total of 
various radioactive materials present in an animal or human body or organ. 

button - A small ingot or casting or che metal residue from the chemical reduction 
process; usually a flat disk, having a diameter of a few inches or less; an ingot 
of this shape and size. 

emitted by an a-omic nucleus or neutr:n in a nuclear transformation. 

calcination - Heating to drive off moisture, which results in a change in the chemi- 
canyon - A large, enclosed, heavily shielded enclosure or room used for processing 

capable fault - A fault which has exhibited one or more of the following characteristics: 

cal state in addition to the physical state. 

or storing radioactive materials. 

(1 )  movement at or near the ground surface at least once within the past 35,000 
years, or movement of a recurring nature within the past 500.000 years; ( 2 )  macro- 
seismicity, instrumentally determined with records of sufficient precision to 
demonstrate a direct relationship with the fault; ( 3 )  a structured relationship to 
a capable fault according to characteristics (1) and (2 )  listed above, such t h a t  
movement on one could be reasonably expected to be accompanied by movement on the 
other. 

carrier precipitation process - A process for removing an unwanted impurity from a 
solution by chemical coprecipitation with another isotope of the same element or 
with another element. By :such means, small traces of materials can be decreased 
to lower concentrations than by normal direct chemical precipitation. 

chinook winds - Warm, dry winds that descend the eastem slope of the Rocky Mountains. 
chronic - Occurring over a long period of time. 
clarifier - Equipment used to clear suspended material from a liquid.. 
coliform - A type of bacteria normally found in the intestinal tract of animals. 
Fecal coliform usually indicates sewage pollution. 

conservative - In application to accident analysis or dose assessments, a conserva- 
tive assumption is one that tends to overestimate damage, release of material, or 
other adverse effects. 

contaminant - A substance present as an impurity in another substance. 

continuous air monitor - An instrument that continuously monitors the air for con- 
controlled area - Any specific area into which entry by personnel is reguiated by a 
criticality - A self-sustaining nuclear fission reaction. 

taminants or pollutants. 

physical barrier or by administrative procedure. 

A chain reaction. 

/ 



criticality accident - The unplanned o r  unexpected assembly of a criticrl mass. 

curie (Ci) - The basic unit used to describe the amount of radioactivity in a sample 
of material. The curie is equal to 3.7 x lO*O disintegrations per second. 

daughter products - The nuclides formed from the radioactive disintegrations or decay 
decay products - The product of radioactive decay of an element. 
decommissioning - The process of removing a facility or area from operation and decon- 
decontamination - The removal of unwanted material from the surface o r  from within 

degraded - Reduced in complexity in relation to structure or function, such as a 
demister - Filter material in a ventilation system that prevents droplets of moisture 
demographic - The dynamic balance of a population density; the capacity of the popula- 

,i 

depleted uranium - Uranium having a smaller percentage of i.-anium-235 than the 0.7% 

design agencies - Organizations responsible for the design of naclear weapons or 
weapon components. 

design basis earthquake - The earthquake magnitude that a building or operation is 
designed to experience and survive without major damage. 

diffusion categories - Processes whereby particies of liquias, gases, or solids inter- 
mingle as the result of their spontaneous movement frow a region of higher to one 
of lower concentration. For example, the diffusion of particles from a stack into 
the air. (See Pasquill stability classes.) 

of another nuclide, which is called the parent. 

product . 
taminating and/or disposing of it. 

another material. 

degraded material. 

from coming into contact with HEPA filters. 

tion to expand or decline. 

found 'in natural uranium. 

Same as decay product. 

Same as daughter 

/ 

dilatometry - The measurement of  expansion properties. 

disintegration - Any transformation of a nucleus, whether spontaneous or induced by 
irradiation, in which particies or  photons are eiiitted. 

disintegrations per minute (dpm) - The number of radioactive decay event: occurring 

dose - A general term indicating the amount of energy absorbed from incident radiation 

per unit time (minute). 

by a specified mass. For special purposes it must be appropriately qualified. In 
this Impact Statement it refers specifically to the term "dose equivalent." 

dose commitEent - The integrated dose that results from an intake o i  radioaztive mate- 
rial when the dose is evaluated from the beginning of intake to a later time; also 
used for the long-term, integrated dose to which people are considered committed 
because radioactive material has been released to the environment. 

culating the effective absorbed dose. 
dose in rads and certain modifying factors. 
the rem. 

dose equivalent - A quantity that expresses all radiation on a common scale for cal- 

The unit of the dose equivalent is 
It is defined as the product of the absorbed 
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ecology - A branch of science concerned with the interrelationships between biological 

economic discard limit - That point at which further recovery or recycling is no 1on:er 

tcosystem - The sum of  physical features and biological systems occurring in a given 

effluent - Used or waste gases, liquids, and solids discharged from a building, 

eluate - The washings obtained when absdrbed material is removed by means of a 
empirical - Originated o r  based on observation or experience. 

enriched uranium - Uranium in which the amount of one or more fissile lsotopes has 
been increased above that occurring in nature. 

evaporator overhead - Vapors discharged from an evaporator. 
excursion - A brief, rapid, nuclear fission reaction; see criticality accident. 
expected release - See probability-weighted release. 
exposure - To be open to an action or influence such as weather, light, or radiation. 
extrusion - A metal-working process whereby metal, usually at high temperatures, is 

systems and their environment. 

economically feasible. 

area. 

vehicle or facility. 

solvent. 

forced through a hollow die, annular die, or into a die cavity, thereby changing 
the dimensions oA the starting material. 

fallout - Airborne particles containing radioactive material that descend through 
the atmosphere and are deposited on the earth's surface following the detonation 
of nuclear explosives. 

fault - A tectonic structure along which differential slippage of the adjacent earth 
materials has occurred parallel to the fracture plane. 

fault tree - An analytical, tree-like diagram used to analyze inconsistencies in a 
Federal impact funds - Government funds distributed to local governments to offset 
fertile nuclide - A nuclide capable of being converted to a fissile nuclide by 

filter bank - An arrangement of filters. 
fiscal year (FY) - A 12-month period for handling financial matters. Since the 
Plant's beginning until 1976, each new fiscal year began on July 1; e.g., FY 1975 
covered the period from July 1 ,  1974 through June 3 0 ,  1975. A change in 1976 
resulted in fiscal years beginning on October 1; thus, FY 1977 extends fron: Octo- 
ber 1, 1976 through September 3 0 ,  1977. 

with neutions of any energy. 

nuclei of lighter elements), accompanied by the release of a large amount of energy 
and generally one or more neutrons. 

with East neutrons. 

program or concept. 

the impact of Federal facilities in the local area. 

neutron capture. 
I 

fissile material - Material cGpable of undergoing nuclear fission by interaction 
fission - The splitting of a heavy nucleus into approximately equal parts (that are 

fissionable material - Material capable of undergoing nuclear fission by interaction 
/ 
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flocculation - The formation of aggregated or compound masses of particles. 
food chain - The sequence of  organisms, including producers, consumers, and decom- 

forb - Any herb that is not grass or grass-like. 
forming, as a metal - Any metal-working technique whereby metal sheet is shaped by 
pressing against a die with minimal change in the thickness of the sheet. 

friable - Easily crumbled o r  reduced to powder. 

posers, through which energy and materials may move. 

gamma rays - Electromagnetic radiation originating from the nucleus of an atom 
following a nuclear transformation. 

gamma scan - Estimating the radioactive material in a sample by means of a survey with 
a detection instrument sensitive to gamma rays. 

Gaussian - Relating to the Gaussian Law of Error. 
about a true value. 

generic release - A release to the environment of hazardous material from a particu- 
lar class of sources (e.g. from a filter failure). 

geophysical refraction survey - A survey of the geological strata underlying an area, 
performed by observhg the refraction and reflection o f  surface sound waves. 

glove box - .4 sealed box in which workers, using gloves attached to and passing 
through openings in the box, can handle radioictive materials safely from the 
oatside. 

A deviation of measured values 

gradient - The change in quantity per unit distance in a particular direction. 
gram (g) - A metric unit of mass (nearly equal to the mass of one cubic centimeter 
gross alpha - The total rate of alpha particle emission from a sample. 
gross beta - The total rate of beta particle emission from a sample. 

of water at its maximum density). 

half-life - The time required for the activity of a radionuclide to decay to half its 
Half-life is used as a measure of the persistence of radioactive materials. 

health physics - The science concerned with recognition, evaluation, and control of 
heating degree-day - A unit representing one degree of declination from a given tem- 

value. 

health hazards from ionizing and non-ionizing radiation. 

perature (usual13 65 O F )  in the mean daily outdoor temperature. Used to estimate 
heating requirements. 

magnetic material from diamagnetic matter by passing the mixture, in slurry form, 
through a high gradient magnetic field. 

high gradient magnetic field separations - A technique developed to separate para- 

hot particle theory - The theory which holds that the controlling factor in radiation 
dose received by a body organ (usually the lung) is the presecce of localized radio- 
active (“hot”) particles. 
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hydrogenous - Containing or referring to hydrogrn. 

hydrostatic stability - pertaining to the conditions under which an object in contact 
with a fluid will maintain equilibrium. 

induced employment - Supporting employment induced in the surrounding communities 
that is not directly related to Rocky Flats but is required because uf the pres- 
ence of Rocky Flats employees in those communities. Primarily service-related 
employment. 

inert atmosphere - A chemically unreactive atmosphere; one incapable of supporting 
ingot - A mass of metal CdSt into a bdr 01' other convenient shape. 

inhibitors - Agents that slow or interrere with a chemical action. 

inventory difference (ID) - The algebraic difference between t h e  nuclear material 
book inventory (BI) and a physical inventory (PI). Inventory difference (ID) was 
formerly referred to as Book Physical Inventory Difference (BPID) and Material 
Unaccounted For (MUF). 

results when a neutral atom or group of atoms gains or loses oiie or more electrons. 

species of like charge (positive or negative) in a second phase. 

combustion. 

ion - An electrically charged atom or group of atoms, the electrical charge of which 

ion exchange - Phenomenon by which cations or anions in one phase exchange with 
ionizing - Conversion to the ionized state; causing ions to be formed. 
irradiated f u e l  material - Reactor fuel that has been used in a rcactor so that a 

irradiation - Exposure to any form of radiation. 

isopleths - A line on a map connecting points at which a given variable has a speci- 

significant fission product inventory is preserlt. 

fied constant value. 

Julian days - The consecutive days in a 365-day year (366-day leap year) as measured 
from January 1st. 

Kjeldahl N - Nitrogen as determined by the Kjeldahl technique o f  analysis. 

leaching - The process of extracting a soluble component from a mixture by percola- 
tion of a solvent (usually water) through the mixture. 

license - An authorization issued by the Nuclear Regulatory Commission (NRC) to i! 
person or organization to perform specified activities pursuant to Title 1 0 ,  Code 
of Federal Regulations, Parts 30 ,  4 0 ,  50 ,  and 55 of the NRC. 

or construction permit issued by the Nuclear Regulatory Commission (NRC). 

system. 

earthquake. 

licensee - A person or organizatim authorized to conduct activities under a license 

liter (1) - A metric unit of capcrrity; equivalent to about 1.1  quarts in the English 

loadings (earthquake induced} - Additional pressure or stress on a structure due Lo an 
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long lived - Isotopes with half-lives greater than one week. 
low level - Containing small amounts of radioactivity. 
low-level activity - Amount of radioactivity that is in the range established for 
low-level wastes - Wastes that can be discharged to the environment with assurance 
background. 

that persons will not be exposed to concentrations in excess of those prescribed in 
Chapter 0524 of the ERDA Manual. 

1.w S '  cific activity (LSA) waste - Having a low rate of radioactive decay. When 
applied to radioactive waste manageztent. it refers to that baste having less than 
0.1 microcurie of plutonium per gram of waste uiaterial or less than 300 micro- 
curies of uranium per gram of waste material. 

macroearthquake - Earthquake large enough to be felt, i.e., ktected without instru- 
macroinvertebrates - Refers to the species of larger animals that lack a backbone and 
man-rem - A unit of population dose; often the average dose per individual, expressed 

maximum credible accident - A hypothetical acci2ent. the result of one or mor2 im- 

ment s . 
internal skeleton. 

in rem, times the population affected. 

prcbahle events, which leads to the most severe consequences. 
probzbilities less than 1 x 10 per year are excluded from consideration in this 
EIS. 

nuclide in air or water to which a worker Gr member of the general population may 
be continuously exposed without exceeding an established standard of radiation dose. 

maximum permissible dase (maximum permissible exposure) - That dose of ionizing rad- 
iation below which there is no reasonable expectation of risk to human health, and 
which is below the lowest level at which a definite hazard is believed ta exist. 

maximum probable accident - The accident with the highest probability of occurrence. 
meter (m) - The basic metric unit of length. 
microearthquake - Earthquake that can be detected only by an instrument. 
mist eliminator - A device that removes liquid mist or droplets from a gas stream. 

moderation (of neutrons) - Slowing down of neutron speed. 

Accidents with 

maximum permissible concentration (MPC) - The greatest concentration of a radio- 

I modules - Self-contained laboratory or process areas, environmentally isolated from 
one another. 

multiple exhaust filtration - Filtration process in which the exhaust air passes 
through several filters in series. 

,' 
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neutralized (chemical) - 
basic, i.e., a pH = 7) 
to an acidic solution. 

neutron - An uncharged e 
nuc 1 eus . 

A chemical solution that is neutral (neither acidic or 
Accoioplished by adding acid to a basic solution or a base 

rmentary particle existing in or emitted from the atomic 

neutron absorber - A nuclide that interacts witt. a neutron primarily by absorp- 
tion, without the production of additional neutrons. 

neutron poison - A strong neutron absorber. such .is boron or cadmium. 

normal operations - Planwd. routine activities, as contrasted to accidents. 
nuclear radiation - Particlcs and elect -Omdgnetic energy givon o f f  from the nucleus 

nuclide - A general term rcterring to the nucleus of the elements. Nuclides are dis- 

of an atom. 

tinguished by their atoniic nuiiiber, atomic miss .  and energy state. 

0 : ‘  9ational exposure guide - Hacti.it ion chpcisui-e i imi ts established for persons work- 

one-hundred-year storni - 
~ in a radiation-rr1,ttc.d occrq~tion. 

storm of surh srvcritp that with a probability of more 
than .01 prr year i t  i 5  unlikely t o  o c t ’ - ~ r .  

together. 

ence and safely shut down. 

oolite - A rock consisting o f  small round grains, usually caicium carbonate, cemented 

Operating b a s i s  earthquake - Thr earthquake magnii ucle that an operation can experi- 

order o f  magnitude - An rstinintt. o f  size or magnitude esprezsed as a power of ten. 

organic - Relati ig to chernic,il comp ,untls containing carbon rings or chains. 
orogeny - The process o t  mountain building e\pecially by folding o f  the earth’s 

crust . 

Pasquill stability c1assc.s - Reintes atniospherc  stability to plume dispersion accord- 
ing to weather condit ions; especially surface wind speed,  local insolation, and 
vertical temperature profi le. Speci fic.11 ly the following: 

A-Estremely unstable rondit ionr 
&Moderately u n s t < i b l c  condir ions 
C-Slightly unstable conditions 
D-Neutral concli t ions ( a p p l  ic.<iblc to hravy overcast day or night) 
E-Slight ly st<lble cuncli t it>ns 
F-Moderately stable ctmdi tions 

physical inventory ( P I )  - The quantity uf nuclear material which is determined to 
be on hand by physically ascertaining i t s  presence using techniques which include 
sampling, weighing and a n a l y s i s ;  a process by which the quantity is determined. 

plenum - A location in which air pressure within an enclosed space is greater than in 
outside atmosphere. Uscnlly applied to the enclosure containing the air filters, 
as filter p1c:num. 

t i ve  material. 
plume shine - Radiation exposure received directly from a plume or cloud of radioac- 
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plutonium (Pu) - A hcavy. radioactive, man-made, metallic element with atomic number 
9 4 .  Its  most important isotope is fissile piutonium-239, produced by neutron 
irradiation of uranium-238. I t  is used for reactor fuel and in nuclear weapons. 
Plutonium-239 decays by alpha emission with a 2.4 x IO4 year half-life and has 
a spontaneous fission half-life of 5.5 x IOi5 years. 

pollutant - A contaminant which, whrn present in sufficient quantity for a suffi- 
cient time, has been determined to be harmful to the environment or to people. 

population dose (population esposure) - The summation of individual radiation doses 
received by all those exposed t o  the source or event being considered. 

precipitation process - The process of separating one or more components from a solu- 
t ion by sol  id i f i ca t ion. 

probability-weighted release - The magnitude of a release multiplied by the probabi- 
lity of its occurrence. Also referred to as "expected release." 

process air - Air that has been esposed to radioactive or other contaminants, such as 
process hood - An i.nclosut-e having an open front and used to prevent the spread of 
hazardous contmiitiat ion. 

puck - A solid mass of nictal siniiI.ir in size and shape to a hockey puck. 

in a glove bos. 

radiation - 'I'he electrom,ignt.tic encrgy or particles emitted as a result of a nuclear 
trdnsformat ion. The terni includes alpha and beta particles, gamma radiation, 
X k-aps. neutrons. and cosi..ic radiation. Nuclear radiation is that emitted fr,,m 
atomic nurlei i n  \various nurlcar rwct ions. 

radiation protection g u i d e  (KPG) - The offici.illy determined radiation doses that 
should not be t*xcc*ctied without ccirc.ful consideration. These standards, esta- 
blished by the Fcder.rI Kntliat ion Council, are equivalent to what was formerly 
callecl the inasiiiiuin permi s s i b l c  csposure. 

alpha or beta particles ,rnd sonit'times a l s o  ganuna rays by the disintegration of the 
nuclei of atonis. 

in an envirdnnient thdt would result in doses equal. over a period of time, to 
those in the K,itli.it ion Protect  ion Guide. 

radioactivity - I'he propt'rty posxc+ssrd by some elements of spontaneously emitting 

radioactivity concentr<it ion guidt. (KCG) - The concentrat ion of radioactive material 

radio1 )gicdl - 'That which involves radioactive or nuclear materials. 
radiomet rir malysis - Qu.lnt i t a t  ive chemical analysis that is based on measurement of 

radionuclide - A radioactive nuclide. 

Raschig ring - A small, annul.1r. borosilicate-glass cylindtt used as a neutron 

reactor  - A de\.ice capable of bringing about controlled nuclear fission. 
reference man - The adult male having anatomical and physiological characteristics 

defined in the ICRP Publication 2 3 ,  "Report of the Task Croup on Reference Man," 
1975. 

surface; the change of direction of a neutron after a coIli-sion with a nucleus. 

the absolute disintegration rate o f  a radioactive co,nponent. 

poison. 

reflection - The change of direction of light, heat, or sound after striking a 

release - The act of allowing contaminants to leave direct human control; may be 
scheduled or accidental. 

x x x i v  



rem - The unit of dose equivalent which is numerically equal to the absorbed dose in 
rads multiplied by the quality factor, the distribution factor and any other neces- 
sary modifying factors. 

resuspension factor - The ratio of the concentration in air, measured at some specified 
distance above the ground, to that in the soil: 

K(m-l) = concentration in air (activity/m3) 
concentration in soil (activity/mz) 

reverse osmosis - A technique used in wastewater treatment. Pressure is applied to 
the surface of a waste solution, forcing pure water to pass from the solution 
through a membrane. 

operations or potential Plant accidents. 

dents occurs yearly but at a magnitude equal to the probability of occurrence per 
year multiplied by a maximized estimate of the magnitude of the release; sometimes 
called the expected or probability-weighted dose from accidents. 

roentgen (R) - A unit of exposure to ionizing radiation. One roentgen corresponds 
to the release of ionization of 83 .8  ergs of energy per gram of air. 

rolling, as d metal.- A metal-working process whereby metal is compressed between 
rotating cylinders to form a sheet or foil. 

risk - Possibility of radiation exposure ta individuals as a result of normal Plant 
risk dose - A hypothetical dose obtained by assuming that each of the postulated acci- 

safe geometry - A configuration used to ensure that fissile material is restricted to 

safe secure trailer (SST) - A special trailer for transporting nuclear materials. 

safeguards - Precautionary measures to prevent the unauthorized diversion of nuclear 
saltation - An abrupt movement or transition, such as the movement of soil particles 

a critically sate shape and/or limited to a critically safe quantity. 

materials. 

along the ground by the action of wind. 

contaminated material which exceeds the economic discard level. 
scrap - Material which can be recycled for productive use, and plutonium/oraloy 
scrubber - An apparatus for removing impurities from a gas stream. 
security fence - The high, chain-link fence that encompasses the Plant's operational 
area and prevents uncontrolled access. 

sei,smicity - The relative magnitude, frequency, and distribution of earthquakes. 
seismology - The science of earthquakes and attendant phenomena. 
shear forming, shear spinning - A metal-working process whereby a preform on a rota- 
ting mandrel is forced by the action of a rotating die to elongate against the man- 
drel with an accompanying decrease in the thickness of the preform. 

shielding - A barrier designed to protect persons from radiation exposure. 

shutdown - The cessation or suspension of an activ?ty. 
sintering - A heating action resulting in a substance becoming a coherent mass. 



site boundary - The perimeter of the Government-owned land on which the Rocky Flats 
solid wastes (radioactive) - Either solid radioactive waste material or solid objects 
Plant is located. 

that contain radioactive material or bear radioactive surface contamination. 

somatic - Relating to or affecting the body. 
sorption - The binding of one substance to another by any mechanism, such as absorp- 

source term - The qaantity of radioactive material, released in an accident or during 
special nuclear msterial (SNM) - In atomic energy iaw, this term refers to 

tion or adsorption. 

normal operations, that can subsequently cause exposure of personnel. 

plutonium-239, uranium-233, uranium containing more than the natural abundance 
of uranium-235, or any material artificially enriched in any of these substances. 

specific activity - The radioactivity per unit mass of radioactive material. 
spill - The accidental release of radioactive material. 
stability (atmospher-2) - A description of the effect of atmospheric forces on a par- 
cel of air following vertical displacement in an atmosphere otherwise in hydrostatic 
equilibrium. If the forces tend to return the parcel to its original level, the 
atmosphere is stable; if the forces tend to move the parcel further in the direction 
of displacement, the atmosphere is unstable. If the air parcel tends to remain at 
its new level, the Atmosphere has neutral stability. See Pasquill stability 
classes. 

stack - A chimney, vent, or pipe-like opening that exhausts filtered air to the 
outside atmosphere. 

standards - Acceptable limits established by recognized authorities. 
standby - The status of a facility that is placed in a non-operating condition but is 
surfactant - A compound that affects (usually reduces) surface tension when dissolved 

surficial - Of or relating to a surface. 
swaging - A metal-working process whereby a rod or tube is elongated with decreasing 
systemic burden - Amount of accumulated radioaciive material within the body. 
taxcoomy - Laws and principles covering classification of organisms. 
tectonlc - Pertaining to structures resulting from deformation of the earth's crust. 
telemetry - Transmitting the readir,gs of instruments to a remote location by means 

tertiary age - Designating the earlier principal division of the Cenozoic geological 

maintained in readiness for operation. 

in water. 

diameter or tapered by the action of hammer-like dies. 

o f  wires or radio waves. 

era, of 3,000,000 to 65,000,000 years ago, marked by widespread geographic changes, 
as in the Alps; it includes the Paleocene, Eocene, Oligocene, Miocene, and Pliocene 
periods. 

tertiary treatment - Sewage treatnent beyond secondary treatment, involving additional 
clarification and filtration steps; a third treatment. 

. .  



thorium (Th) - A naturally occurring radioactive element with atomic number 90 and. 

topography - General configuration of natural surface features of a region. 
total alpha - Total number of alpha particles emitted by a radioactive substance. 
total long-lived alpha (TLLY) activity - Total number of alpha particles emitted 

an atomic weight of approximately 232. 

by a radioactive substance, but where the radioactive substance has a long 
half-life. 

substance so the distribution or location of the substance may be determined. 

in the periodic table; i.e., with an atomic number greater than 92. All 11 
transuranic elements are produced artifically and are radioactive. 

tracers - A foreign substance, usually rddioacti.e, mixed with or attached t(r a given 

transuranic element - An element with an atomic number greater than that of uranium 

transuranium registry - Register of people exposed to transuranic elements. 
tritium ( H) - A radioactive isotope of hydrogen with t w o  neutrons and one proton in 

Tritium decays by beta particle emission with a 12.3 year half-life. 

turbidity - A measure of the degree to which sediuents and other foreign matter are 
3 

the nucleus. 

suspended in water cloudiness. 

uptake - The ability of a binsystem, such as a plant, to absorb radioactive materials. 
uranium (U) - A radioactive element wit:, +he atomic number 92 found in natural 
ores. It has an average atomic weight of approximately 238. The two principal 
natural isotopes are uranium-235 (0.7% by weight of natui.al uranium), which is fis- 
sile, and uranium-238 (99.3% by weight o f  natural uranium), which is fertile. 
Natural uranium also includes a minute amount of uranium-234. 

vdlcqce - A positive or negative number that characterizes the chemical combining 
power of an element; measured by the number of atomic bonds formed upon chemical 
combirtations. 

vibroseis reflection survey - A means of acquiring data for seismic studies. "Vibro- 
seis" is a trademark of Continental Oil Company. 

Vaste - Material deemed ttJ have no recoverable value, and plutonium/uranium con- 
taminated material which is determined to be below the economic discard level. 

watershed - The area drained by a river system. 
weight percent - Percentage of a material in a mixture of materials determined by 
weight. 

wind rose - A diagram showing the distribution of prevailing wind directions at a 
given Location; some variations include wind speed groupings bv direction. 

worst c&ycondition - The situation or parameter value of a particular factor 
which leads to the most severe accident consequences; for example, in the analy- 
sis of  a release of radioactivity, the worst case condition for wind direction 
is to be toward the largest nearby population center. 

X rays - An electromagnetic radiation produced by electron transitions within the 
atom and by electron bombardment. 
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HETR: TO ENGLISH CONVER IC 

Efforts have beeri made to use English units o f  measure throughout this Environ- 

Meteorological data and calcula- 
mental Impact Statement. In some cases, however, Herric units have been used because 
they are more common to the topic being discussed. 
tions are examples of subject areas commonly reported in the Metric system. To 
assist the reader in convertiag from Metric values to the more familiar English 
values, the following conversion table is provided. 

TO Convert from 

Calories (cal) 
Centimeters (cm) 
Centimeters (cm) 

Cubic centimeters (cm ) 
3 Ctibic meters (m ) 

Degrees Centigrade ("C) 
Grams (g) 
Grams (g) 
Kilograms (kg) 
Kilometers (km) 
Liter (11 
Liter (1) 
Liter  (1) 
Meter (m) 
Meters per second (m/sec) 
Microns (micrometer or mm) 
Milligrams (mg) 
Milliliters ( m l )  
Milliliters (ml) 
Hillimeter (mm) 

I 2 Square meter (m ) 

3 

I 

To 

Btu 
Inches (in.) 
Feet (ft) 
Cubic feet (ft3) 

Degrees Fahrenheit (OF) 
Ounces (02) 

Pounds (lb) 
Pounds (lb) 
Miles (mi) 

Gallons (gal) 
Quarts (qt) 
Feet (ft) 
Miles per hour (mifir) 
Inches (in.) 
Ounces (02) 

Quarts (st) 
Ounces (02) 

Inches (in.) 

Cubir: feet (ft 3 ) 

Cubic feet (ft 3 ) 

Square feet (ft 2 ) 

Multiply by 

0.3C397 
0 .394  
0.0328 
0.0000353 

35.314 
* 

0.0353 
0 .  C'J220 
2.204 
0.621 
0 .0353 

1 .OS67 
3.281 
2.237 
0.000039 ' 

0.000035 
0.00106 
0.0338 
0.0394 

0 .264  

10.764 

* OF = ("C x 9/51 + 32 
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1.1 INTRODUCTIOE: 

This Eiiviroxetital Impact Statement presents an overview of the Rocky Flats 
Plant at Golden, Colorado, and its operations, a description of the area in the 
generil vicinity of the Plant, and an assessment of the actual and potential environ- 
mental mpacts assaciated with crlrrent Plant operations and with altern6tives to 
current Plar,t oxrations. This EIS is designed to serve as input for DOE decisicns 
on the continued operatioa of the Rocky Flats Plant site. The arrangement of this 
i-fonnati.-.*: in Chapter 1 ccrresponds to the order in which the information appears 
in the 3oly Qf the Environmental Impact Statement. 

The Rocky Flats Plant site is used pri:aarily for producing coaponents fur 
nuclear weapons to assist in fulfilling U.S. nuclear weapons production requirements 
which are imposed on DOE by the Congress and the President. The United States 
defense policy, and nuclear weapons requirerents in support of that Dolicy, which 
are established by the President and the Conyzess, restrict alternatives as to DOE'S 
weapons production activities. qotever, the converse is not true. DOE'S proGuctioc 
of nuclear weapons dces not foreclose cptians with spect to the overall U.S. 
national defense program. Consequently, Pecisions on t h e  continued operatior. of the 
Xocky Flats Plant site does not foreclose U.S. options associated with maintenance 
of a nuclear waapons stockpile or a possible nuclear wsr. Therefore, this Environ- 
mental Impact Statement focuses on the site specific environmental impacts of 
conducting nuclear weapons production activities at the Rocky Flacs Piant nrd 
alternatives for the conduct O C  such activities which assess the er.vironrcnta1 
impacts of the U.S. policy to produce nuclear weapons. Meaningful decisionmaking 
cn the continued operation of the Rocky Flats Plant site does not require a con- 
sideration of issues related to maintenance of nuclear weawns stsckpile or the 
pcssible effects of a nuclear war. Environmental assecsments or impact statements 
hkve been prepared for all major facilities in the W E  weapons complex. 

1.2 BACKGROUND 

To fully evaluate the Plant impact, Chapter 2 presents a detailed description 
of the Plant and its activities. 
characteristics, demography, geology, seismology, hydrology, ecooloay, and meteorology 
is presented. 

Infornation concerning the Piant's physical 

Activities at the Plant are divided into those consiclered major and those that 
are supvrtive. Major operations involve fabrication and assembly (of alutonium, 
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beryllium, uranium, and other metals), plutonium recovery, americium separation, and 
research and development. 
that have to do with the control of quality, safety, and maintenance; utilities as  

electricity, fuel, inert gas. water, and steam; and the transfer or shipping of 
materials and products to and from the Plant. 

Operations that support the major activities are those 

1.2.1 History - Summary of Section 2 . 1  

The Rocky Flats Plant is a Government-owned and contractor-operated facility, 
which i s  part of a nationwide nuclear weap0n.s production complex. 
located at Rocky Flats after the U.S. Governmer?+ decided to expand its weapons capabi- 
lity in 1950. Thirty-five possible sites were investigated before the present site 
was selected. Construction of the facility began in 1951, and start-up of operations 
occurred the following year. The need for new facilities. plus the expansion an3 
upgrauing of existing facilities, has resulted in virtually continual construction on 
the Plant site since 1951. 

This facility wds 

The Plant was operated for the U.S. Atomic Energy Commission from the Plant‘s 
inception until the AEC was dissolved in January 1975, as a result of the Energy 
Reorganization Act of 1974. The responsibility was assigned at that time to the 
Energy Research and Development Administration, which was subsequently succeeded by 
the Department of Energy (DOE) in 1977. The Plant is operated under the direction of 
the DOE Albuquerolie Operations Office (ALO). The prime operating contractor of the 
facility from 1951 until June 30, 1975, was Dow Chemical U . S . A . ,  an operating unit of 
The Dow Chemical Company. Rockwell Lnternational was selected to succeed Dow Chemical 
U . S . A . ,  beginning July 1, 1975, as the prime contractor responsible for operating the 
Rocky Flats Plant. 

1 . 2 . 2  Plant Description - Summary of Section 2 . 2  

The Plant is a key Federal facility, with unique processing capabilities, for 
the production of materials for the nuclear weapons program and other work directly 
related to national defense. Some work at Rocky Flats, such as Wind Energy Systems 
evaluation, is in support of other programs for the DOE and other government agencies. 
The Plant is involved primarily with metal fabrication, assembly. and chemical process- 
ing. There also is heavy emphasis on production-related research. Production activi- 
t ies include numerous metalworking, fabrication, and assembly shops; chemical recovery 
and purification processes; and associated quality control functions. Research 
includes such disciplines as chemistry, physics, materials technology. ecology, 
nuclear safety, mechanical engineering, health physics, environ~ental sciences, and 
wind energy. 

The Rocky Flats Plant is located in northern Jefferson County about 16 miles 
northwest of downtown Denver. The Plant site encompasses about 6,5510 acres of 
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Federally-owned land with the major structures of the Plant located within a security- 
fenced area of 384 acres. 
the central facility and the general public. 

The remainder of the land serves as a buffer zone between 

The original Plant consisted of some 20 structures with about 700,000 square 
feet of building floor space. 
the capacity to more than 1 . 7  million square feet of building floor space in over 
100 structures. With the addition of new plutonium recovery and waste treatment 
facility, the total floor space will exceed 2.1 million square feet. 

Subsequent construction and additions have increased 

1.2.3 Site Environment - Summary of Section 2 . 3  

The area in the immediate vicinity of the Rocky Flats site is primarily agricul- 
tural or undeveloped. No public facilities or institutions, such as schools, prisons, 
or hospitals are located within 5 miles of the Plant. 
industrial facilities, including Jeffco Airport, within 5 miles o f  the Plant. Several 
population centers are located within 10 miles with the closest being the small 
community of Leyden, 3.3 miles south of the Plant. 

There are four commercial/ 

The 1977 population living within 50 miles of the Rocky Flats Plant was about 
1.8 million, projected to increase to 3.5 nillion by the year 2000. The 1977 Denver 
metropo1;tan area population was about 1.5 million persons living within 50 mile5 of 
the Rocky Flats Plant. Based upon growth projections used by the Denver Regional 
Council of Governments, the Denver-area population by the year 2000 is projected to 
be 2.4 million. 
of approximately 4,100, i.e., an average density of about 52 persons per square mile. 
This area population is projected to increase to about 9,200 in the year 2000 or 
roughly 188 persons per square mile. 
which is in the direction of the center of Denver. The 1977 estimated population 
between 10 and 50 miles in this sector was 524,900. This number is expected to 
increase to 1,212.600 by the year 2000. 

The area within 5 miles of the Plant had an estimate3 1977 population 

The most populated sector is to the southeast, 

The natural environment of the Plant site and vicinity is influenced primarily 
by its proximity to the Front Range of the Rocky Mountains, which is immediately west 
of the site, and the elevation of the site, which is approximately 6,000 feet above 
sea level. The surficial geology is described by the title given the area, i.e., 
Rocky Flats. The area consists of a thin gravelly topsoil layer underlain by 20 to 
50 feet of thick, coarser, clayey gravel. 
bedrock structure upon which most of the buildings' foundations are supported. 
Detailed seismologic investigations have been undertaken for the more recently built 
structures. Studies are still underway to investip-te the seismologic integrity of 
the older buildings. 
Analysis Reports. 

This in turn i s  underlain by an impermeable 

The results of these studies will be incorporated in the SaFety 
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Area hydrology i s  contro led by a thin eravelly alluvium, which is highly per- 
meable. The result is little water retention in the soil, as is evidenced by sparse 
vegetation in the area. Surf ce <ind groundwater flow i s  from west to east, originatinr 
i n  the Front Range mountains. Most groundwater cventdally surfaces to join the 
natural streams traversing the site and flowing t o  Great Western Reservoir or Standley 
Lake (see Figure 2.1-1). 

The meteorology of the site is characterizcd as n i i  Id: however. occasional hurri- 
cane-force winis occur as a result of the site's prosiniity to the Front Range mountains. 
Tornadoes are rare in this region, and the daniagc 1 ~ 3 5 ~ 1  t inp from individual tornadoes 
tends to be less than from tornadoes in the C r c , i t  Plains. Precipitation is generally 
light, with the yearly average bring sliphtlg ovvr 15.8 inches. 

The natural background rdiat ion Irvcl  in t h r .  Ikn\*c.r- , irra is somewhat higher 
than the national average. The sources o f  ndt ur.31 bacskgx.wnct radiation include 
cosmic radiation and naturally occurring r,itiio,ict i ire  t,lciiic.nt 5 ,  such ds uranium and 
thorium. 

Man-made releascs of long-lived rdionucl i i l t .5 .  chicfly plutonium, from atmospheric 
weapons testing have deposited plutonium In t h e  s o i l .  I I I  .rddition, Plant operations 
have increased the plutonium concentrat ions in I ~ L .  iiriitietlinti* IJiciniLy of th? Plant, 
t>.e main source being from drums t h a t  Ic.iLd plutoniu;a-<nntnii iriated oil betheen 1959 
and 1968. This resulted in the dispcrs.il of aboai 2 . 4  curitas of pluto7iuni to areas 
outside the present site boundaries. 

Plant and Animal life is typical of th<it tounn i n  nc..irl,y areas. Sever41 s>ecies 
of small mammals and larger animals int.abi t the bit t i .  Tht. sni'iI 1 intcrnii ttent streams 
flowing through the site do not support large . ~ i u . j t i c  communities, but a variety of 
species are present because of the high, natui-,iI i.acer quality. 

A wind-energy test f?cil;:y has been cnn\tr-ucttetl in t t w  northwest corner o f  the 
Plant's buffer zone. The p u r p o s e  ot  the f n c i l i r )  is to  t w t  snta11 cind-energy genera- 
t i n g  systems. 
and test towers, some roads, and some instrument t r,tilers. No radioactive materials 
are used with this project. A small potentidl hdZdrd e s i s t s  hec.iusr of the possibility 
of a blade falling off a windmiil during pcriods of high hinds. I'owevc~, because o f  
the remote location of the s i t e  and the controlled ~ ( C C C S S  t o  the dred. the possibili- 
ties of injury to personnel troin a major incident are slight. 

Approximately 450 acres of I.ind <ire urrcl and contain meteorological 
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1.2.5 Major Activities and. Facilities - Summary of’Section 2.5 
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The chief function at Rocky Flats is the fabrication of nuclear weapons components 
utilizing both radioactive and nonradioactive materials. In support of the fabrica- 
tion, the Plant provides facilities for the recovery of plutonium and americium from 
waste residues, treatment and disposal of these wastes, chemical laboratories, research 
and development, and special support operations for other DOE facilities. The facili- 
ties for fabrication and recovery of plutonium comprise the majority qf the buildings. 
The plutonium and other radioactive or toxic materials processed are handled in 
enclosures within the buildings. 
operated to minimize any exposure of personnel and the environment to these materials 
and the radiation they produce. Elaborate controls, such as sprinkler systems for 
fire suppression, controlled pressure ventilation, and air sampling for radioactivity 
are used to ensure gersonnel safety and protection of equipment and the environment. 

Both the enclosures and buildings are designed m d  

1.2.6 Suppor-t Activities and Facilities - Summary of Section 2.6 

In support of the principal Plant activities are many functions and systems such 
as QuaJ.ity Engineering and Control (QEX); the Health, Safety and Environment (HS&E) 
Program; Utility and Maintenance Services; and Material Shipments. 

The QEK Department is divided into various subgroups which provide inspections 
and chemical analyses of materials. Under the HS&E department the divisions include 
the Medical Program, Nuclear and Facility Safety, Environmental Sciences, Health 
Sciences and Industrial Safety, Radiation Monitoring, and Fire Protection Engineering. 

The Utility and Maintenance Services provide such functions and services as 
water treatment systems, steam production, and laundry facilities. The Pla.it meets 
almost all of its heating requirements with in-plant steam boilers that are normally 
fueled with natural gas. 
natural gas, also supplies electricity t3 the Plant from two separate facilities: the 
Boulder Hydro and the Valmont Steam Generating Pients. 
,Denver Water Board and is drawn from Ralston Reservoir and the South Boulde: Diversion 
{Canal. All incoming water is treated in an on-site water treatment plant. The water 
is used for process and sanitary purposes. After treatment, the process wastewater 
is evaporated. Sanitary wastewater, treated by an on-site tertiary treatment facility, 
is subject to limits of a NPDES (National Pollutant Discharge Elimination System: 
permit. 

The Public Service Company of Colorado, who supplies the 

Water is obtaincd from the 

A variety of materials is shipped to and from the Plant by truck, rail, and air. 
Shipment by truck, the mode used most frequently, includes both commercial truck 
lines and Government-owned Safe-Secure Trailers. Rail shipments are made in govern- 
ment-owned ATMX-600 Series rail cars that have been aodified to carry radioactive 
waste materials. Shipments of radioactive material by air are restricted to non- 
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passenger aircraft. 
of the package justifies the premium cost of air freight. 
materials meet the safety standards of The Department of Transportation and The 
Nuclear Regulatory Commission. 
AprT1, 1977. However, shipments by designated air carriers can be made in special 
cases for national security purposes, under the provisions of Public Law 94-187 (see 
Section 2 .10)  and of DOE rcgulations in 10 CFR 871.1. 

The air shipment mode is chosen when the need for rapid delivery 
Air shipments o f  nuclear 

Xo shipments of plutonium by air have been made since 

The primary reliance for  safety in the shipping of ra,ioactive material is 
placed on stringent packaging criteria as specified in the klantls quality assurance 
program. This pragram calls for adherence to the Departrrent of Transportation (DOT) 
packaging requirements in 49 CFR 171-178 and tu ERDA Manual Chapter 0529. Since the 
start-up of Plant operations in 1952, shipments of radioactive materials from Rocky 
Flats have covered more than 4 million miles; yet there has never been a transportation 
accident which released radioactive materials. 

1.2.7 R_aii*rtivc Waste Systems - Summary of Section 2 . 7  

Operations at the Rocky Flats Plant result in addition of radioactive materials 
to various liquids, solids, and gases used in research, production, and manufacturing. 
Radioactive materials are handled in accordance with stringent procedures and within 
multiple containments designed to minimize their release to the environment. The 
radiaactive baste systems include local collection, filtration, and temporary storage 
facilities f o r  those process wastes ..nown or suspected to contain radioac rwity. The 
systems also involve centralized processing facilities for maximum recovery of pluto- 
nium-bearing liquid and solid wastes. Solid wastes receive treatment to concentrate 
and package nonrecoverable radioactive materials for shipment to DOE-approved storage 
si tas. 

1 . 2 . 8  Chemical and Biocidal kaste - Summary of Section 2 . 8  

The Rocky Flats PlanL has over 1.800 different chemicals on the site, of which 
~ the majority are present only in laboratory quantities. Wastes from the use of these 

chemicals are trensferred to the waste treatment plant. Before disposal, some of the 
chemicals may require specialized treatment to make them innocuous. 

Biocides are used in cooling-tower water treatement to prevent biological fouling. 
Biocides and herbicides are used in weed and pest control on the Plant site. Plans 
for application of pesticides and herbicides are prepared in accordance with the 
Federal k'orking Group on Pest Management. 

\ 
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1.2.9 Sanitary Waste - Summary of Section 2 . 9  

, -  

Sanitary waste lines collect human wastes and convey them to the sanitary waste 
(sewage) treatment plant. 
which are monitored on a regular basis. 
all process wastewaters, and is routinely monitored for radiation levels. 

Effluents from the sewage plant flow into holding ponds 
Sanitary wastewater is kept separate from 

Rocky Flats has ditches, culverts, and underground pipes for collecting and 
controlling surface water runoff. Surface water runoff from inside the security 
fence leaves the Plant through the North and South Walnut Creek drainage. These 
waters are monitored daily. 

1.2.10 Environmental Monitoring Program - Summary of Section 2.10 

The operating coni- "tor conducts a comprehensive environmental monitoring 
program to determine whether operation of the Plant is causing an adverse effect on 
the surroundings. The program is designed to provide confirmation that the many 
pollution control systems and procedures are working properly, that concentrations of  
effluents are within applicable guides and limits, and that the quantity of waste in 
effluents is a: the lowest practical level. Air, water, biota, and soil are sampled 
not only on the Plant site but also in the surrounding region for radioactivity and 
for chemi-a1 and biological pollutants. 

Numerous agencies conduct additional ivdependent environmental surveys, both on 
and off the Plant site. The Colorado Department of Health, for example, conducts 
air, water, and soil sampling programs around the Rocky Flats site. The DOE Environ- 
mental Xeasurements Laboratory (EHL) of New .ork maintains particulate air sampling 
stations in the vicinity of the Rocky F:ats Plant and periodically performs soil 
sampling and analysis. 

The Jefferson County Health Department has a continuous particulate air sampler 
03 the site. These samples are analyzed by the Colorado Department of Health. The 
County also samples and analyzes sewage plant effluent mar.:;riy. 
Protection Agenry provides additional routine liquid effluent monitoring tc determine 
compliance with the NPDES (National Pollutant Discharge Elimination System) permit. 
EPA conducts special studies of the Plant environment. 

Cbe U.S. Environmental 

k 
1.2.11 Emergency Plans - Summary of Section 2.11 

Emergency plans are maintained in a state of readiness to meet any emergency 
situatioc that may occur. 
ties and provides guidance to all supervision regarding immediate notifications and 

The basic Rocky Flats Emergency Plan defines responsibili- 
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specialized response groups and building personnel in the event of an emergency 
situation. 
emergency response plan for the Rocky Flats area, and to keep State and local officials 
informed of emergency matters which may raise public concern. 

Comunication is maintained with off-site agencies as part of the State 

If an emergency should occur that could present an actual or potential hazard to 
the general populace, the Colorado Emergency Radiological Response Plan would be 
implemented. This plan interfaces with the overall Rocky Flats Emergency Plan. 

Training exercises are performed to ensure personnel familiarity with emergency 
procedures. Off-site exercises are coordinated with cognizant civil emergency agencies. 

1.2.12 Safeguards and Security - Summary of Section 2.12 
The Rocky Flats Safeguards and.Security Program is designed to protect nuclear 

material, classified information, other government and contractor assets from 
loss, theft, diversion. sabotage, espionage, or other harm by internal or external 
hostile Cotces. 
Technical Security, Kuclear Materials Control, Plant Utilities. Fire Department, 
Emergency Planning, Document Control and Access Control functions. The program is 
administered within Department of Energy requirements. 

The Safeguards and Security Department consist; of Plant Protection, 

1.3 ENVIRONMENTA~ IMPACT 

Chapter 3 contains an in-depth description of the physical, economic, and social‘ 
impact that results from Plant operations. 

Normal operations at the Plant use such resources as water, natural gas, fuels.  
and electricity. 
geology, hydrology, and ecology of the inmediate area. The impact of emissions from 
operations as they affect the water, air, and soil in and around the Pldnt are addres- 
sed. Radioactive and nonradioactive releases from normal operations, though small, 
are taken up in the soil, water, vegetation, and air. 
current releases, estimates of future releases are made. 

In addition, operations at the Plant may alter the topography, 

On the basis of past and 

The impacts caused by accidents, both actual and postulated, man-made and natural, 
are studied. 

1 . 3 . 1  Environmental Effects of Noma1 Plant Operation - Summary of Section 3.1 
Efforts to restrict routine releases of radioactive and nonradioactive material 

to  the lowest practical level have resulted in normal Plant operation which has no 
significant impact on the environment. For example during the entire year of 1977, 
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4 . 9  grams of beryllium ( a  non-radioactive, but t o x i c  element) were released from Rocky 
Flats during normal operations. 
of beryllium per day or 3,650 grams per year from a single stationary source. 

The €PA standard accepts the release of UP to 10 grams 

Off site, concentrations of radioactivity in liquid effluent from the Plant are 
also well below applicable limits. This is confirmed by the weekly samples taken 
from Great Western Reservoir. Water is recycled and returned to the environment as 
water vapor. During CY 1977, these samples showed axrerage plutonium concentrations 
of less than 0.10  pCi/l and tritium concentrations of about 750 pCi/l. These quanti- 
ties are a very small fraction of the Radioactivity Concentration Guide (RCG) adopted 
by the DOE, as well as EPA and State limits and are near background levels. The RCG 
values are 1,667 pCi/l for plutonium and 1,000,000 pCi/l for tritium in drinking 
water. The EPA and Colorado drinking water limits relating to plutonium are 15 pCi/l 
for alpha activity (excluding natural uranium) and 20,000 pCi/l of tritium. 

The radiological impact on persons living within 50 miles of the center of the 
Plant is assessed in terms of the 70-year dose which would result from 70 years of 
continuous Plant operation. Of primary interest for the types of radioactive materials 
routinely released are doses to the total body, liver, bone, and lungs. The organ 
doses received by a person residing co.itinuously for 70 years at a distance of two 
miles from the center of the Plant in the east-southeast directian (the lccation of 
the maximum annual air concentration) is expected to be 0.0012 rem to the total body, 
0.11 rem to the liver, 0 . 2 5  rem to  the bone, and 0.079 rem to the lungs. Perspective 
for these values is obtained by comparison with organ doses received by a Denver-area 
resident from natural background radiation. This comparison shows that the maxim= 
organ doses received from normal operation of the Rocky Flats Plant are the following 
fractions of the organ doses from natural background radiation: 0.00011 for the 
total body, 0.010 for the liver, 0.020 for the bone, and 0 . 0 0 4 3  for the lungs. The 
values for persons residing at'greater distances or in other directions from the 
Plant are smaller. The radiological impact on persons living within 50 miles of the 
Rocky Flats Plant, from routine operation, is therefore imperceptible, as an addition 
to that received from natural background sources. - _  

The radiological impact of routine operations is also assessed in terms of the 
health effect on the population within 50 miles of the Plant, based on demographics 
both for the year 1977 and projected to the year 2000. 
number of cancer mortalities plus genetic defects resulting from organ doses summed 
for the population for 70 years of exposure to routine emissions from the Plant. 
This impact is a total of less than one (0.59) effect over 70 years for the year 1977 
population group and less than one (1.00) effect over 70 years for the year 2000 
population group. Thus the health effects from routine Plant operations on the 
population surrounding the Plant are imperceptible in a population which experiences 
health effects from other sources. 

Of concern is the possible 
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The population demography, as determined from area planning departments for the 
year 2000, projects a relatively low density to tire east of the Rocky Flats Plant. 
If one postulates a very high population density of 7296 persons per square mile for 
the east through south-southeast sectors for distances of two to five miles from the 

man-rems). 
imperceptible. 
affected by consideration of population densities. 

Plant, the increase in the population bone dose is 19.8% [from 5 - 0 0  x lo4 to 5.99 x 10 4 

The increase does not change the conclusion that the radiological impact is 
Of course, the dose and impact assessments €or individuals are not 

1.3.2 Environmental Effects of-Postulated Plant Accidents - Summary of Section 3.2 
Postulated Plant accidents that could release either or both radioactive and 

nonradioactive materials include the following: 
failure, impoundment failure, fire, criticality, aircraft impact, tornadoes, high 
winds, and earthquakes. 
occurrence and *he maximum probable and maximum credible releases are assessed. 

spills, mechanical or administrative 

Each of these ar-cidents is described and the probability of 

This impact statement gives the impacts on man primary ccnsidcration. The 
assessment of this impact on man is made in two eays. First a risk dose to organs of 
persons living within 50 miles of the Plant is determined for a period of 70 years. 
The risk dose is a hypothetical dose obtained by assuming that each of the postulated 
accidents occurs yearly but at a magnitude equal to the probability of occurrence per 
year Gultiplied by a maximized estimate of the magnitude of the release. The results 
of this assessment are that the organ risk doses (over 70 years) are from two to four 
times smaller than the 70-year organ doses Crom natural background radiation. 
indicates that the organ risk doses for the person residing for 70 years at a distance 
of 2 miles from the Plant in the ESE directirjn are the following fractions of the 
background organ doses: 
for the bone, and 0.0013 for the lungs. 
other distances, these values are even smaller. 

This 

0.000070 for the total body, 0.0023 for the liver, 0.0045 
For persons living in other directions or at 

The second approach to the assessment of the impact is to determine the conse- 
quences if each of the postulated maximum credible accidents were to occur. For this 
assessment the doses (70-year dose commitments) to organs of persons downwind for the 
postulated accidents are calculated. 
results from the maximum credible aircraft impact, for which the 70-year dose to a 
person 1.2 miles downwind from the release point is 2.2 rem to the total body, 270 
rem to the liver, 690 rem to the boce, and 160 rem to the lungs. 
by a factor of grea.ter than 100 €or a person 40 miles downwind. 
mortality plus genetic defects over 70 years for any person from any of the postulated 
maximum credible accidents is less than the risk of death to an individual in the 
general population from common accidents over the 70 years, which is about 0.03 per 

The greatest dose commitment to an individual 

These values decrease 
The risk of cancer 
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person for 70 years. Comparison w i t h  organ doses for background radiation indicates 
that the 70-year background doses are greater than the 70-year dose commitments to 
the organs for a person at any off-site location for all types of maximum credible 
accidents except Lale aircraft impact (expected to occur once per 7.7 million years) 
and high winds of 158 to 206 mph (expected to occur once per ten thousand years). 

The effect of the worst case P a x i m u m  credible accident [the aircraft impact) is 
also assessed. For this assessment. the wind is assumed to blob toward the sector of 
maximum population, the southeast. The maximum impact is 60 cancer mortalities plus 
3.5 genetic defects over 70 years i n  a-downwind population of over one-half million, 
from an accident which has a possibility of occuring once every 7.7 million years. 
Analysis of the impact on a hypothetical population density (wlrich is not expected to 
occur before the year 2000) of 7296 persons per square mil, between two and five 
miles on the east to south-southeast sectors indicates a 16.3% increase (from 6.97 x lo6 
to 8.15 x 10' man-rems] in the popzlation bone dose. 

The risk of cancer mortalities and genetic defects over 70 years is assessed for 
the maximum indiipidual f o r  exposure at the Plant boundary and a subsequent 70-year 
dose from each of the maximum credible accidents. For any type of maximum.credible 
release. the total resulting mcrtality risk to this maximum individual is less than 
the risk of the average person in a e  total population being killed by a common 
accident over 70 years. 

Except for releases from criticality accidents, where food usage would be con- 
trolled, all other doses have been calculated assuming no mitigating xtions are taken 
to reduce exposure to or intake of radionuclides. 
people could be advised to stay inside, and to avoid consumpLion of contaminated food 
or water. 

If an accident were to occur, 

A fire in a filter containing 10 kg of beryllium is postulated as the maximum 
credible accident involving nonradioactive materials. 

is the permitted nverage monthly concentration at the breathing zone level in the 
neighborhood of any facility handling beryllium, but less than 25 ,Urn3, which is the 
maximum permitted 30-minute peak coacentration for occupational exposures. 

A short-term concentration of 
7.7 pg/m 3 might occur at the Plant boundary. This is in excess of 0.01 ug/m3,  which 

, 
1 

1.3.3 Environmental Effects of Transportation - Summary of Section 3.3 
Several different effects of air, rail, transport truck, and delivery truck 

transportation associated with R o c k y  Flats are analyzed. 
normal operations of the systelp and UAth accidents that could occur. 

They are associatea with 
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The environmental effects of (1) increased trcffic on the various transportation 
links, ( 2 )  fuel consulaption by Rocky Flats-related transportation vehicles, (3) exhaust 
emissions of these vehicles, and ( 4 )  thermal effects o f  these vehicles are all 
determined to be imperceptible. 

The consequence ot a beryllium release in the case of a major transportation 
accident and fire i s  analyzed. 

viously mentioned 0.01 pg/rn3 ambient air quality standard for continuous public 
exposure and the permitted in-Pianr 8-hour average atmospheric concentration of 2 

The maximum air concentration to which an individual 
downwind could be expased is 0.07 pg/m 3 . 

re/m3. 

This concentration falls between the pre- 

The radiological effect of normal operation of the transportation vehicles 
associated with Rocky F l a t s  results from external penetrating radiation to the entire 
United States popu.aticn. 
carrier ami the masinturn external dose rate allowed for these vehicles, the population 
dose is 4900 man-rem to the total body. Much of this dose would be received by these 
transportation workers. 
maximum levels is a possible increase of 1.2 cancer fatalities and 1.5 genetic defects 
for the population of the United States. 
exposure to selected individuals was assessed. 
up to 1 . 4  real pcr v e a r .  

By assuming that all shipments are made by commercial 

The effect of 70 years o f  Rocky Flats transportation at 

The possibility of higher than average 
Transport truck drivers could receive 

The risk t o  thc U . S .  population from tramportation accidents is quantified in 
terms of the " r i s k  dose", as was done for Plant accidents. The risk dose for 70  
years o f  Rocky F i . i t s  transport<ition of radioactive materials is 1.8 x 10 4 man-rem to 
the bone, 1.2 s 10 4 nun-rein to the lung, 7.6 x 10 3 man-rem to the liver, and 6.1 x 

year background tfosc t o  the U.S. population of 2.7 x 10 9 man-rem to the lung, 1.8 x 

10 9 man-rem to  ttrc bonL., and 1.2 x 10 9 man-rem to the liver and total body. 

10' m.in-renl t o  thv i o t n l  body. These exposures are small in comparison to the 70 

This 
risk dose can result ir: a possible increase of 0 .63  cancer deaths and 9.02  genetic 
defects. 
exposed. 

Man-rem i s  the dose in rem times the number of personnel potentially 

The risk dose is not actually received by any individual in the population, or 
by the population as a whole. Rather. most individuals would receive zero dose, and 
if an accident occurred, inaividuals downwind would receive more. 
credible transportation accident might result in a 70-year exposure of 18 ,-:n to the 
bone, 7 . 2  rem to the liver, 4 . 9  rem to the lung. and 0.06  rem to the total body over 
a 70-year period to the individual at the point of maximum air concentration. These 
doses do not take into account any protective actions to effect a decrease in the 
dose. 

The maximum 
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An analysis is done for the hypothetical maximum consequence accident, although 
the probability of this accident is very low. 
carrying a large amount of Rocky Flats plutonium is assumed to occur in a highly 
populated metropolitan area such as that modeled for New York City. 
modeling techniques are used in this analysis to model an urban landscape as compared 
to the rural characteristics of land near the Rocky Flats Plant. 
population dose is 4.1 x 10 6 man-rem bone dose, 1.7 x 10 6 man-rem liver dose, 1.0 x 

The resulting health 
effects would be an increase of 71 cancer fatalities and an increase of four genetic 
defects for a 70-year exposure period. 
would have health effects of two ar.d three orders of magnitude less, respectively. 
This accidtnt, however, is predicted to occur only once in 3.3 million years. 

A severe accident involving a truck 

Different diffusion 

The resulting 

10 6 man-rem lung dose, and 1.4 x 10 4 man-rem total body dose. 

A similar accident involving enriched uranium 

1.3.4 Economic and Social Impacts - Summary of Section 3 . 4  

The principal benefit from the Rocky Flats Plant is its Contribution to national 
defense. 
involved in fabricating plutonium parts for riuclear weapons, are highly specialized. 
economic effects include primary and secondary impacts. 
Plant creates direct employment for approxiniitely 2,800 people and induces employment 
for an additional 6,500 individuals. 
population in surrounding comunities, i t  does nct place a new burden on the schoo?s, 
mnicipal services, or general community facilities in the region. 
been in operition for well over two derides, and community services have already 
adjusted to meet these requirements. 
nearly $40 million and is responsible for about $90 million of illcome from induced 
employment. 
A l s o ,  $30 million is spent by the Plant for materials, services, and utilities. Of 
this total, $8.3 million is spent lozally f c r  materials and services and $5 million 
for utilities. 
each year add a significant amount to the overall regional income. 
income helps further the economic viability of the Denver area. 

Portions of the Plant‘s operation and facilities, particularly those portions 
Socio- 

The operation of the Rocky Flats 

Although this employment contributes to the 

The Plant has 

The Rocky Flats Plant has an annual payroll of 

Of this $130 million total, about $100 million is disposable income. 

The $100 million plus the Plant’s local expenditures of 513.3 million ’ 
This increased 

Because of its location and the nature of its operation, the Rocky Flats Plant 
does not create any significant adverse impacts with respect to noise. 

Technological benefits stem from Plant operations and from personnel who offer 
tecHnica1 knowledge, expertise, and advice in chemistry, metallurgy, machining, non- 
destructive testing, safety, fire prevention, health physics, environmental science, 
and numerous other scientific and indust.ria1 subjects. This information is dissemi- 
nated throughout the local communities, the United States, and the world. 
ting benefit is the contribution this information makes to the cverall economic, 
social, and cultural growth of the region and the United States. 

One resul- 
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1.4 UNAVOIDABLE ADVERSE EWIRONMENTAL EFFECTS 

Chapter 4 considers the unadoidable, adverse environmental impacts of continued 
operation of the Rocky Flats Plavt. 
p€.)sical environment, the use of natural resources. and the biolnqical impact from 
the release of nonradioactive materials are mentioned. Other efL2cts outlined are 
those attributable to the release of riiJioactive effluents, the social and economic 
consequena-es of the increase in population m d  decr-ase in land use, and the ways the 
Plant has reduced adverse effects. 

Those effects caused by alterations to the 

1.4.1 Nonradiological Effects -'Summary of Section 4.1 

Normal operation of the Plant results in the consumption of fossil fuels (oil 
and natural gas), chemicals, metals, and electricity. Water is used by the Plant and 
returned to the regio.1 as a resource through water vapor from the liquid process 
wastewater treatment plant tnd through evaporation from cooling coxers, solar evapora- 
tion ponds, and holding ponds. 

P1ar.t operations resulting in small discharges of aonradioactive effluent in 
air and water are described in Chapter 2.  With a few exceptions, discharges have 
been within the applicable State and Federal limits. 

1.4.2 Radiological Effects - Summary o f  Section 4.2 

Noma1 Plant operation also results in unavoidable release of small amounts of 
radioactivity to the general environment. In addition, there will be continuing 
dispersal of radioactivity to the jicneral environment from past releases. The amounts 
sf material that may be released during future operation of Rocky Flats from both 
routine and accident conditions are considered in Chapter 3 .  

1.4.3 Socioeconomic Effects - Summary of Section 4.3 

The socioeconomic impacts of the Rocky Flats Plant art: attributable primarily to 
Plant-related employment and to the associated increase in population in the general 
vicinity of the Plant. These impacts include an increased demand for housing, school 
facilities, and rnunicipbl semices. 
several population centers, the Plant's socioeconomic impacts, although unavoidable, 
have little adverse impact on the surrounding region. Most of the comunities in 
which Rocky Flats Plant employees and their families reside have grown sGbstantially 
in recent years. These comunities have developed adequate housing, rchools. and 
munfcipal services to meet the needs of this growing populace. 

Because of the proximity of Rocky Flats to 
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Other impacts include (1) the loss'of agricultural productivity arid incone f r m  
the land comprising the Rocky FldtS P1ar.t site, acd ( 2 )  a change in the tax base 
because of the land being withdrawn from the public tax rolls and tax revenue being 
generated instead by income, property, and sales taxes collected from Plant employees. 

1 . 4 . 4  &tig:ation of Adverse Environmental Effects - Summary of Section 4 . 4  

Several areas of endeavor serve to lessen environmental effects from Plant 
operation. These include an enlerged buffer zone, total water recycle, an$ actions 
such as improvements in accident prevention to reduce potentially adverse radioactive 
and nonradioactive effects on the environment. 

Recent energy conservation efforts have reduced the Plant's energy consumptior, 
by abour 26% for FY 1977 as compared to FY 1973. 
water usage is for coolin< tower operation, and i; directly related to er.ergy U F C .  

A net reduction of approximately 33% in water consG.2riOtl was also realized during 
the same period. A tertiary project improved the exisiing sewage treatment plant b3 
adding a clarifier, filter system, punphouse. pumps, and instrumentatlon. The effluent 
now has less suspended solid ma:erial and it meets present effluent srandards for 
off-site release. Another mitigating action, expected t? be operational in the early 
1980's is a total water-recycle project which will elininate all routine wastewater 
discharges. No Plant wastewater will !eave the site except by evaporation. A ptrt of  
the zero water discharge program under construction will eliminate the routine discharge 
o f  Plant zanitary wastewater into Great Western Reservoir. A surface water control 
project designed to contain contaminants which might leave the Plant site in stow 
water ru.ioff is also underway. 

As almost one-third of the Plant's 
I 

Included mong other mitigating actions are modifications and u2grading of 
filtration systems, double containment of process liqujJ Waste lines, removal of on- 
site soil containing plutonium. and lhundry wastewater imyoundment mtil B new 
process waste-treatment facility is completed. The new process waste-trcdtmen: 
facility, a part of the new pluionium-recovery facility project, will recover water 
from Plant liquid process wastes for subsequent reuse in Plant cooliqg towers. 
completion, the plutonium-recovery and waste-treatffient facilities vi11 hell; reduce 
the discharge of radioactive materials to the environment (see Section 2 . 7 . 3 . 2 ) .  

iJy/on 

1.5 ALTERNATIVES 

A variety of alternatives to che continuing operation of the Plant as it is 
presently being administered are considered in Chapter 5. 
radiation dose reduction from the alternatives are projected. m e  alternative that 
can be consiikred is to continue curren: operations Kithout any chartge. The environ- 
mental impact of this alternative also can serve as a basis on which to compare other 
alternatives. The other alternatives involve chacges in Plant operations at the 

The monetary costs and 
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present site in addition to consideration of more encompassing actions such as reloca- 
ting portions or all of the Plant‘s current activities. Various alternatives have 
been postulated and analyzed in terms of five primary categories. 
no change in current activities, ( 2 )  completion of changes currently underway, ( 3 )  
relocation, ( 4 )  termination of operations, and (5) other potential alternatives. 

The five are (1) 

1.5.1 Change in Current Activities - Summary of Section 5.1 

If Plant operations were to continue for 70  years, with no changes, the radio- 
logical impact on persons living within 50 miles of the Plant for that period would 
be imperceptible, both compared to doses received from natural background radiation 
and based on risk of cancer mortality and genetic defects. From an economic stand- 
point, the region would continue realizing an overall input roughly comparable to 
$113.7 million per year (in 1976 dollars) because of the Rocky Flats Plant. 

1.5.2 Completion ofhanges Currently Underway - Summary of Section 5.2 
Several actions already have been initiated and, upon completion, will alter the 

environmenta3 impact of Plant operations. The principal changes that Eake up this 
alternative are (1) the construction of a new facility for plutonium recovery, ( 2 )  
construction of  a facility for treating process waste, (3) total recycle of the 
Plant’s water, and ( 4 )  partial removal of on-site, plutonium-contaminated soil. 

The new plutonium recovery facility will result in plutoniuio recovery operations 
being performed in greater safety than the presently used facility, with greater 
operating economy, and with a reduced amount of plutonium generated as waste. The 
possibility of spreading contaminants by fire or other accidents will be lessened, 
and an overall decrease will be achieved in the levels and amounts of plutonium 
leaving the Plant in effluents. This new facility is being built to more stringent 
earthquake, tornado, fire, and other specifications as required by the DOE criceria 
for new plutonium facilities. The facility will recover as much plutonium as piacti- 
cable for return to the manufacturing system; unrecoverable plutonium residues will 
be concentrated for transfer to a DOE-approved waste storage site. In terms of the 
effect on radiological impact, the new plutonium recovery building is not expected to 
result in any change to organ doses to persons living in the vicinity of the Plant, 
either from rovtine releases or from risk of accidental releases. It will decrease 
the amount of material being shipped for disposal. 

The new facility for treating liquid process waste has been designed co handle 
the present workload at Rocky Flats, the maximum possible output from the new recovery 
operation, and a reasonable margin for variation in general Plant waste through 1985. 
The primary benefit to the general public from the waste treatment facility will be 
the elimination of any further need for solar evaporation ponds. That means a reduc- 
tion i n  the risk of an accidental release from the ponds. The risk of release from 
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the postulated impoundment failure would be zero. resulting in a reduction in risk dose 
to all organs in those persons who drink water suppliid from Great Western Reservoir. 
The risk dose reduction to the bone is 53?;, which is equivalent to 90 mrem. Risk doses 
to all other persons would not change. 

The Federal Water Pollution Control Act Amendments of 1972, established as an 
ultimate goal the elimination of all routine liquid discharges from the Plant by 
1985. Rocky Flats expects to comply with this goal by 1981. This entails the design and 
construction of  facilities for recycling all sanitary and process wastewater. There 
are two major construction projects designed to attain this goal. The first i s  the 
Water Control and Recycle project. This projec: will involve facilities for treating 
and totally recycling all sanitary effluent, cooling tower blowdown, and backwash 
from water treatment filters. The project, when completed, will involve purification 
of treated sanitary wastes through a reverse-osmosis system. The second related 
project is the process-waste treatment portion of the new plutonium recovery and 
waste treatment facility. After treatment, all aqueous process wastewater will be 
recycled. The effect of  these two systems is to eliminate all routine waterborne 
emissions from the Plant. 
Up to 84% for persons drinking water supplied from Great Western Recrrvoir. 
doses to all other persons would not be affected. 

The result wourd be a possible reduction in organ doses of 
Organ 

With regard to accions relating to on-site, plutonium-contamin.;ted soil. approx- 
imately 400 cubic yards of soil are now being removed. The soil, which is located in 
the southeast ar+:a of the security-fenced porticw of the Plant site, was contaminated 
from activities tntt occurred as a result of plutoniu3-bearing oil leaking from drums 
between 1959 and 1969. 
wind, over both on-site and of€-site land. An area of about one acre on site contain- 
ing the highest levels of plutonium (greater than 5,000 d/m/g) has been removed recently, 
resulting in a reduction in the organ doses of up to 7% for persons living within 50 
miles of the Plant. 

Some of the released plutonium was spread, primarily by the 

1.5.3 Relocation - Summary of Section 5 . 3  

Relocation of all Plant activities to one or more other sites has been considered, 
as has relocation of only the radioactive-materials processing functions, leaving the 
nonradioactive operations. 

Complete relocation would be followed by total decontamination, demolition, and /’ 

restoration o f  the existing site. 
for persons living within 50 miles of the Plant to 5% or less of the doses from 
routine operations and an elimination of the risk dose from accidental releases. The 
maximum doses presently received from normal Plant operation are the following frac- 
tions of dxes from natural backgrouad radiation: 0.00011 for whole body, 0.010 for 
liver, 0 . 0 9 i  for bone, and 0.0045 for lungs. However, new facilities at a new site 
or sites would be constructed. The tota’ cost for new facilities and site restora- 

The benefit would be a reduction in organ doses 
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tfon was estimated at $1.52 billion in 1976 dollars, with escalation to a midpoint of 
1984 adding another $710 million for a total of $ 2 . 2  billion in 1988 when the project 
would be completed. 
by the transfer of operations would be environmental losses to the alternative commu- 
nity. 
from demolition of existing structures and restoration of the current site. 
annual revenue loss to the region would be $114.8 million. 

Any environmeptal benefits gained by the Denver area residents 

A short-term economic benefit to the Denver area of $405 million would result 
The 

The radioactive-materials processing functions now conducted at Rocky Flats 
could be relocated to another site, leaving onlv those functions involving nonradio- 
active materials. 
tamination of the existing site. The total cost was estimated to be $1.4 billion in 
1976 dollars. 
1988, would add another $660 million for a total cost of $2 billion. Benefits would 
be the same as for complete relocation, that is, a reduction in organ doses to 5% or 
less  of the doses from routine operations and an elimination of the risk dose from 
accidental releases. Annual revenue loss to the region would be approximately $70.6 mil- 
lion, including both direct and induced income and expenditures. 
reduction in personnel and a 50% reduction in local Plant purchases would be expected. 

This would require new facilities at a new site and partial decon- 

Escalation of this cost to a midpoint of 1984, with completion in 

About a 63% percent 

1.5.4 Termination of Operations - Summary of Section 5.4 

Terminating operations at Rocky Flats, either by placing the Plant in a standby 

Placing the Plant on standby would cost an estimated 
mode or by partial or total decontamination. demolition, and removal, involves many 
factors and potential impacts. 
$17.8 million, but it would reduce doses from normal operation and accidents. The 
effect on organ doses would be a reduction of only 6% or less for routine releases. 
The risk dose from accidental releases would be reduced but by an undefined amount. 
The anma1 revenue loss to the region would be approximately $61 million in direct 
and induced revenues. Complete shutdown. decontamination, and partial demolition of 
the Plant is estimated to cost approximately $332 millian and would reduce area 
revenues by approximately $114 million per year. 
and total restoration of the site to a near natural condition would include an esti- 
mated cost of $526 million, and a local revenue loss of $114.8 million per year. 
Benefits would be the same as for complete relocation: a reduction in organ doses to 
5% or less of the doses from routine operations and an elimination of the risk dose 
from accidental releases. 

Complete demolition of the Plant 

1.5.5 Other Actions - Summary of Section 5.5 

Other potential alternatives to current Plant operations have been considered. 
These include (1) various actions regarding plutonium-contaminated soil, (2 )  the 
structural integrity of Plant buildings, ( 3 )  additional land acquisition, and ( 4 )  
surface-water control. 
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Actions concerning control of plutonium in soil fall into two general categories: 
(1) removal of part or all of the existing plutonium, and ( 2 )  containment of the 
existing plutonium in place. Containment methods being considered include plowing, 
which transfers surface material to greater depths and reduces the concentration in 
the soil. This minimizes air or waterborne resuspension and dispersion. In cases of 
high plutonium concentrations, soil removal followed by plowing may be required. 
Depending on the method or methods used, costs may vary from $40 per acre for simply 
plowing, fertilizing, planting, and restoring the surface, to over $11 per square 
foot ($480,000 per acre) if soil removal, crating, and shipment off site are required. 
The total cost of removing plutonium from the scil in the area presently covered by 
the asphalt pad and from the pond sediments is ertimated at $61 million. All o f f -  
site soil in the vicinity of the Plant is with:.: che limits of the proposed EPA 
guidance ( 3 0  d/m/g). Therefore, na soil removal is required. 

The most comprehensive soil removal alternative considered in this impact state- 
ment would be to remove all soil with plutonium levels above the State guideline of 
2 d/m/g both on and off the site. This would involve about 3,000 acres excavated to 
a depth of about three inches at a cost of $1.5 billion. The effects of this action 
would be resultant organ doses of 18% to 87% of the estimated current level for 
persons drinking water supplied from Great Western Reservoir, 16% to 56% for persons 
drinking water supplied from Standley Lake, and 13;6 to 16% for all other persons 
within the 50-mile radius considered. These organ doses are currently very small 
fractions of the organ dose from natural background radiation. In addition, the 
removal of off-site soil above 2 d/m/g would reduce the organ doses to persons living 
on that ground, by a factor o f  up to about five. This additional benefit would 
affect only thoze persons living directly on the ground to be excavated according to 
this alternative. Renoval of soil from only the most highly contaminated on-site 
areas and deep-plowing the remaining areas would give resultant organ doses of 28% to 
89% of their current estimated amount. The cost of this project is estimated to be 
$72 .4  million, which is 5% of the cost of total soil removal as previously described. 
If 500 d/m/g were chosen as a guide for soil removal, the area requiring decontamina- 
tion would be approximately 50 acres at a cost of $72.3 million. The effect is a 
reduction of organ doses ranging from 74% to 96% of that currently projected. 

Plowing the 3,000 acres believed to contain plutonium above the State guideline 

I 

is estimated to cost $120,000 with a resulting reduction in the organ doses similar 
to the reduction that would be obtained €or removal of all soil with plutoni,.m levels 
above 500 d/m/g and with plowing in the remaining areas above the State guidelines. 
Removal of all radioactive material buried on site is estimated to cost $38 million 
but with no reduction in dose to the Denver-area population. Neither cost estimate 
includes decontamination of the asphalt pad and the holding ponds. 

A project is currently underway to reevaluate the structural integrity of Plant 
buildings against possible damage from natural phenc-nena such as high 
quakes, and tornadoes. 
which are beyond those 

These evaluations will be used in considering 
identified iir this EIS. 

winds, earth- 
future actions 
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Approximately 4,000 acres of additional land was purchased in 1975 to provide an 
extension of the buffer zon? and to minimize ‘he problems that arise when residential 
communities expand to encroach on existing industrial facilities. Purchase of addi- 
tional adjacent land (1,000 acres) containing plutonium exceeding the State guideline 
would cost an estimated $5 million, The effect of purchasing the additional land 
would be to prevent persons from residing on that land and thus from receiving organ 
doses which could result from the plutonium in the soil. No benefit in terms of a 
reduction in the organ dose would be received by any other persons from this action. 

The F Y  1978 budget includes a surface-water control project at Rocky Flats. The 
project, which is estimated to cost $2.8 million, consists of a series of canals and 
three dams downstream of Plant buildings. The system. as built, is designed to impound 
water from the worst-postulated 100-year storm and thus contain materials carried bv flood 
waters. The project is expected to atfect only the rlsk dose to persons drinking 
water supplied from Great Western Reservoir, by an amount equivalent to that for the 
waste treatment facility, i.e., a 90 mrem reduction in the risk dose to the bone. 

1.6 RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY . 

1.6.1 Cumulative Environmental Effects - Summary of Section 6.1 

Current use of the land represents a limitation on alternate use of the 6,550 acres 
that constitute the Plant site. Restoration of the site upon decommissioning would 
include consideration of long-term uses; therefore, land used by the Plant does not 
necessarily limit future land-use options. 

Several actions are under active consideration or are being implemented to 
ensure long-term productivity of the Land. In addition to changes in Plant design 
and operation to further reduce radioactil-e and nonradioactive effluents (e.g., 
filter plenum improvements and the water recycle program), a land management plan is 
under development for the Plant site. Development of this plan involves the review 
and recommendations of Federal, State, and local agencies. 

1.6.2 Decommissioning - Summary of Section 6.2 
The primary mission of the Rocky Flats Plant is to produce components for nuclear 

weapons and to provide supporr activities as required by national defense policies. 
If there comes a t h e  that the needs of national defense no longer involve Rocky 
Flats, che Plant could be used fcr sone other government purpose, such as research, 
development, or producticn work. 
tural, industrial. or residential development would depend on the amount and cost of 
decontamination and other preparation that would be required. 

Other potential uses for the site, such as agticul- 
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1. ? REUTIONSHI P TO lt\SD-CSE PIANS 

N o s t  o f  the .ire.s i n  the i n m i c x i i a t c  Lricinity of t h e  I'l.int is p l m n c ~ t l  prin.iri 1v l c , r  
agricul tural  use o r  for  o p v n  space .  Sm:111 nrcas  odincent to the southrrn :ant1 aestcrn 
Plant houndarics nre plnnncd for  industrial use. Tito milcs ca s t  o f  t4c  !'l:int, scvcral 
areas are planned for  loi,-densitv rrs ident inl  dc\-clonment. 

i 

1.8 IKKEVF.KS1RI.E X N D  IKKE'TRI EYhG1.E CO?IMIT?lENTS OF RESOCRCES 

Various natural m t l  energy resources itre consuistd for  u t  i 1 i 1 i t . 5  .ind t I . . I I I ~ ~ I ~ ~ I ; I I  i o n  
necessary for  da i ly  Plant opc*rations. During t h c  1977 fist.,i!  ~ V ~ I I - .  the folIoxinL 
resources xiere espcnded: 
feet o f  natural gas; 101 ,396 gallons of gas01 i t i t . .  t-xt-luding c i i i p : t ~ y ~ < * s '  p t r s o n i i l  

104.050 rnegauat t hours  o f  e lec t  r i t - i  t y :  b.17 m i  1 I ion cubic 

t r d n s p r t d t i o n ;  335 ,000  g'illons o f  residua 
40,876 gal Isms o f  prop.inc; m d  113  ~ i i i  1 1  ion 
is evcntual ly rrturnetl to t h c  environment 
bercmrs una\~ailablt- t o  t h e  iiiiniediate v i c i n  
sources are  expected to  increase s l i g h t l y  
tocrarti t h e  cmser\pat ion and uiost c f f i c i c n t  

/ \ 
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1.8.2 Manpower Resources - Summary of Section 8.2 

-. 

Although usually considered a benefit, the employnent required for Plant operation 
is a commitment of an important resource. The Plant employment, approximately 2,800 
people during 1977, has declined over recent years from a maximun of 3.750 people in 
1972. This drop has resulted from a reduction in production schedules and from 
budgetary limitations. Additional labor bas been and will continue to be needed fcr 
periodic construction projects. The construction force over the past five years has 
averaged approximately 300. 

As a result o f  the proximity of the Rocky Flats Plant to the Denver wtropolitan 
area, these commitments of manpower benefit the overall economic and social well- 
being of the region, and do not place a burden on the available labor pool. 

1.8.3 Financial Resources - Summary of Section 8.3 
The initial cost of constructing Plant facilities and the periodic modifications 

made to these facilities have resulted in large expenditures of Government monies. 
Operation of the Plant is ,.esponsible for the expenditure of considerable sums of 
additional Government funds. Operating cost of the Plant, for example. is about 
$70 million annually. Construction costs of the Plant to date are approximately 
$250 million. The cost of additional facilities being constructed will raise this 
figure to more than $400 million in the near future. The financial resources for 
Rocky Flats have been from Federal funds designated fer support of the national 
defense program. 

1.9 ENVIRONMENTAL TRADE-OFF ANALYSIS 

A complete benefit-risk analysis of the national defense program is beyond the 
scope of this Statement. The alternative of terminating operstions is discussed 
without addressing its effect on nationa security. Portions of the Plart's oneratinns 
and facilities, particularly those involved in processing plutonium, are highly 

, specialized. 

1.9.1 No Change in Current Activities - Summary of Section 9.1 
The operation of the Plant i s  responsible for several socioeconomic benefits, on 

a local level, including direct and induced employment and the economic effects 
associated with increased disposable income in the region. These direct and induced 
employments constitu:e an annual revenue o f  more than $114.8 million to the local 
economy plus the employment of about 2 ,800  people. 
Plant involves the direct expenditure of nearly $70 asillion dollars annually. 

Operation of the Rocky Flats 
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Direct and induced employment as a result of the Plant, plus workers‘ families. 
have created additional community requirements such as increased housiug:, atldi tional 
school enrollment, and increased demand for municipal services; howver. hcc,iust\ of 
the Plant’s prosimity since 1951 to several population centers, none o f  thvsc rcquire- 
ments have placed a significant, additional burden on the affected conlmuniiics. 

The risks from Plant operations are derived front doses rcc.c.ivcd by  pvrsons 
living in the vicinity of the Plant from routine radioactivr relr.ises and Ironi p t ~ , s i b l c  

exposure to radioactive release; from accidents. All of ihrse risks r~ri’ virtu.il ly 
imperceptible, however, since the organ doses are very sm.ill fractions o f  doses t o  

corresponding organs from natural backgrowd radiation. 

1 . 9 . 2  Completion of Changes Currently L!!derE?y - Sunmiry o f  Section 9 . 2  

Modification to existing operations are being implementrd or .ire plrlnntd. ftost 
of these modifications, which include construction of nrw facilit ivs ,and . i c t  ions t o  

better control Plant effluents, will further reduce the levels o f  rrtdicit ion exposure. 
New plutor~ium recovery and waste treatment Taci1itic.s are being constructed . i t  <i cost 
of $190 million. .\ program fer totally recycling I’lant water is undt.rk.ty .it d cost 

of $3.1 million, and a project to remove plutonium-cont~;lniindtcd soil  froin an on-site 
area has cost $ 4 7 0 , 0 0 0 .  

The cost-benefit evaluation of the impact on t h e  Denver-art:.] popu1.1t ion f r w n  
normal Plant operations .?nd potential accidents indicates t h ~ t  tht. r.itli.ttion tlo:ies 
are small compared to the doses received from naiural radiation. Coiiipletion o f  

planned actions will further reduce radiation exposure from Plmt oprr.it  ions to the 
area population. This evaluation also indicates that the c*conomic henk.iits t o  the 
region from Rocky Flats are substantial. 

1.9.3 Relocation - Summary of Section 9 . 3  

Relocation of the Plant would cost approsimately $2 billion. l’hc resultant 
doses would be 5% o r  less of present doses, with thc? continut4 possibility of .in 
accident risk dose. Socioeconomic benefits which would be lost t o  the Denver drea 
include 2.800 Plant jobs and 6,500 induced or secondary jobs. 

1.9.4 Emination of Operations - Summary 9.4 

Three modes were considered: (1) Standby; (2) Coniplere Shutdown, Partial Decon- 
tamination; and (3) Complete Shutdown, Coaplete Demolition, dnd Decontamination. The 
costs are $17.8 millicn, $332 million, and $526 million, respcctively. The doses for 
the Standby mode would be 45% to 94% of the current value, with the continued possibi- 
lity of  an accident risk dose. 
will be 5% or less  o f  the current level with no accident risk possibility. Though 

For either o f  the Complete Shutdown modes, the dose 
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small, the added risk dose due to possible resuspension of contaminants during imple- 
mentation of any of these alternatives is not considered. 

The socioeconomic benefits for Standby mode include the retention of 6,080 
direct and secondary jobs and $65 million in revenue. 

1.9.5 Other Potential Alternatives - Summary of Section 9.5 

Other potential alternative actions include removal or containment of plutoniua- 
contaminated soil, at costs ranging from $120,000 to $1.5 billion. 
doses would be 25% to 90% of the present level. 
operations would be retained. 

The resultant 
Socioeconomic benefits of Plant 
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2. BACKGKOIJND 

T h i s  Chapter provides -1 t lescript  ion r ~ f  t h t .  Kocky Flats  P l a n t - - - i t s  purpose, 
location. h i s t o r y ,  and appcar;incc. Includc~tl is t le t ; i i led informat ion on both man-made 
and natural  f e a t u r e s  of the  s i t e .  Operations w i t h i n  the  P l a n t ' s  boundaries a r e  
d i s c u s s e d ,  as  a r e  the resources  m t l  i d W  ~ i d L t . r i d I s  that ninke these  operat ions  p o s s i b l e .  

TO further an understanding o f  t h t .  Plant ' s  c.nvironnic:ntal inipiict, Chapter 2 contains  
background information about Rocky f l . i t  s '  c n v i  r ~ ~ n n r r n t ; i l  nitrni t o r i n g  and emergency 
preparedness programs. 

I n  response to pub' c revitw m d  zcinment cin thtx M I S .  Ch'ipter 2 has been updated 
and re\*ised. Najor add, t ions m c !  cfi4ngt.s .irt- suitlni.irizcd <is to1 lows: 

0 Dcntography given i n  St*ct J o n  2 .  !. I h..s bc-t-n r - c c . \ ' . i l u . i t c > d  t o  .I 50 mile  radius from 
the cc 'n tc - r  of the I'1,int t i s i n ; :  pIrinning cia1.i troiri thr 1)t.nvcr Krgional Council o€ 
Cove rntirvn t s . 

The s e c t i o n s  on Gcvlvgy ,inti Sr.islrio1ogy wcrt' combined and updated a s  S e c t i o n  2.3.4. 
I t  begins  with d discur;sicm of Kncky F l a t s  P l a n t  s t r u c t u r a l  s t a b i l i t y  and seismic  

design c r i t e r i r i .  %i(w infor-iii'it ion em the p o s s i b l e  iist ilvity of the Golden Fault  
has h v c n  added (2 . :3 . !1 .6)  ;inti tho rel<at ic inship o l  the Dcarby earthquakes to t h e  
Rocky Mountain Arsenal t1tc.p WCSI  I in.jt.c.1 ion puioping i s  a l s o  discussed ( 2 . 3 . 4 . 7 ) .  
Information on niiner;il  resourcx's i n  tht: \picinity of t h c t  Plant  was added. 

o The sect  ion on N a t e r i ~ i l s  >lo\~twcnt i n  thc- ilytlrc)lo):ic Systrni (2.3.5.3) includes 
the hydrolc>gical t e s t  w l l  monitoring p t ~ ~ g r i i n ~  m d  Strction 2 . 3 . 7 ,  M a t e r i a l s  
Movement .md Wind Ercisi(>n, K<I.LI irclt1c.d. 1nforni;tt ion on the  Environmental Monitoring 
Program has been u p d < a t v d  tea r r t  1 c t . 1  c . u r r c r n t  inoni t o r i n g  and measuring condit ions .  

Tables  o n  effluc-nt s t . 1 t . k .  anibit.nt a i i - .  .Inti w 4 t c . r  sdnipling d c t r c t i o n  limits have 
been upda t.ed (2 .10  I . 

;e  Xnformat ion on thc soi I s m p l  in:: nit-thcids ustx i  by various  agencies  and the  use of 
t h e s e  methods i n  c.va1u;it i n x  s s i i l  d < t ~ , i  is prtwitic.tl in S e c t i o n  2 . 3 . 9 . 3 .  Also,  

addit ional  plutoniuiii-Iri-soi I t 1 . 1 t ~ 1  h.rs bt.1.n d d w l .  The evaluat ion o f  the  r e s u l t s  
w i t h  the use of median values f o r  spccific p.ircc*-ls i s  shown to  reduce the  a r e a  
of land w i t h  plutonium conc:cntrations g r c a t r r  than the S t a t e  Guidelines.  

New information on the behavior o f  t r a n s u r m i c s  in soil is presented i n  the  
summary of Colorado State University S t u d i e s  i n  S e c t i o n  2.iO.4.2 and Appendix A-2. 

The EFA Rocky F l a t s  C a t t l e  Study has becn included i n  t h e  review o f  terrestrial 
s t u d i e s  of o f f - s i t e  researchers .  
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o Sections on the Plant's personnel protection systems and programs have been 
expanded. 
been added in Sections 2.5.1.2 and 2.5.5.2, and for handling selected solvents 
in Sections 2.5.2.1 and 2.6.2.4. 

Health and Safety aspects of handling beryllium and other metals have 

e A discussion of HEPA filter efficiency, testing, and maintenance has been added 
in Section 2.7.1. Efficiencies of a four-stage plenum are given. Adequacy of 
the selective alpha air monitors to detect d release is discussed in Sec- 
tion 2.5.1.2. Mention is made of the doubly contained, inspectable process 
waste piping in Section 2.7.3.1. 

e The Plant's security and nuclear inventory system and the Colorado Emergency 
Response Plan for the Rocky Flats Area are discussed in greater detail in Sec- 
tions 2.11 and 2.12. The issue of restricted air space over the Plant is 
reviewed in Section 2.6. 

2.1 

were 
Rich 

HISTORY 

Prior to the 
manufactured 
and, Washing 

construction of the Rocky Flats Plant, nuclear weapons components 
primarily at Los Alamos, New fiexico, and to a lesser degree at 
on. In 1950 these facilities lacked the capability to meet the 

production requirements specified by the United States Government. As a result, 
plans to expand that capability were formulated. A search for a site to build a new 
facility was conducted in 1951. A site other than Los Alamos was strategically 
desirable to maintain a dual productioi. capability. Site selection criteria were 
defined by the U.S. Atomic Energy Commissio, (AEC). Over thirty-five possible sites 
were investigated in the vicinity of nine cities before the Rocky Flats site in 
Jefferson County, Colorado, was selected; it best met the site selection criteria 
(The Austin Co., 1951). The U.S. Government then approved the construction in 1951 
of the Rocky Flats Plant as an addition to the nation's nuclear weapons production 
comples. Responsibility for ddministrative control was assigned the AEC, and the Dow 
Chemical Company was awarded a contract as Rocky Flats' first prime contractor respon- 
sible for Plant operations. 

Limited operations began in 1952 within a total site area of 2,520 acres. All 
Plant buildings and facilities were constructed inside a controlled area of less than 
400 acres encircled by a security fence. 
square feet of building floor space i n  20 structures. At the completion of a major 
expansion in 1957. an additional 10 buildings increased the total space to 900,000 
square feet. 
buildings now constituting the Rocky Flats Plant. 
treatment facilities now underway will bring the total to 2.1 million square feet 

These operations soon involved 700,000 

There are presently more than 1.7 million square feet in over 100 
Additional construction o f  waste 
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inside the security fenced area. The overall site was enlarged to its present size 
of approximately 6,550 acres by addition of a buffer zone in 1974 and is encompassed 
by a boundary fence on the property lino, as shown in Figure 2.1-1. 

AS a result of the Energy Reorganizarion :\ct of 1974, the U.S.  Energy Research 
and Development Administration (ERDP.' succeeded the AEC in 1975 as the Government 
agency responsible for administrative control a t  Rocky Flats. ERDA was in turn 
succeeded by the U.S. Department of Energy (DOE) ir October 1977. Organizationally, 
this responsibility i s  delegated to the Albuquerque Operations Office (ALO), which 
oversees a nationwide nuclear weapons prohction complex. 
by several DOE area offices. The Rocky Flats Area OEfice (RFAO), under the direction 
of an on-site Area Xanager, is DOE'S day-to-day contacc with those operating the 
Rocky Flats Plant and with various construction contractors. 
operated the Plant until July I ,  1975, when the Atomics International Division of 
Rockwell International became the new prime contractor. 

This complex is administered 

Dow Chemical Company 

Plant employment averaged around 2,800 during 1977. 
the remainder made up the prime contractor's work force. 
workers onsite throughout much of the Plant's existence. From 1970 through 1977, the 
number of construction workers averaged 300, and that number will probably remain 
relatively constant through 1980. 

Sixty were DOE employees; 
There have been construction 

2 . 2  PLANT DESCRIPTION 

The Rocky Flats Plant is a Government-owned facility with a primary mission of 
producing plutonium components for nuclear weapons. The site is iszd primarily to 

assist in fulfilling U.S. nuclear weapons production requirements that are imposed on 
DOE by the Congress and the President as a part of the overall national defense 
policy. This EIS does not assess the environmental impacts of the U.S. policy to 
produce nuclear weapons but rather focuses on the site specific environmental impacts 
of conducting nuclear weapons production activities at the Rocky Flats Plant and 
reasonable alt-rnatives for the conduct o f  such activities. 
involve the fabrication not only of plutonium but also of uranium and nonradioactive 
metals--principally beryllium and stainless steel. 
shipped elsewhere for final assembly. When a nuclear weapon i s  determined to  be 
obsolete, components fabricated at Rocky Flats are returned to the Plant. These 
parts then undergo special processing to recover plutonium and americium. 

Key production activities 

Parts made at the Plant are 

Another major effort involves chemical processing to recover plutonium from all 
scrap material. These activities, the fabrication of radioactive and nonradioactive 
metals, and the recovery of plutonium receive support from various disciplines such 
as nuclear safety, engineering, health physics, environmental sciences, and research 
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Figure 2 . 1 - 1  Location of t h e  
Rocky F l a t s  Plant Bounddries 
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and development. These and other functions are supported by still other activities. 
Research and Engineering (R&E). for example, depends upon a variety of capabilit,ies. 
Production-oriented R&D work involves metallurgy. machining, assembly, nondestiu’ctive 
testing, coatings, remote engineering. chemistry, and physics. 

\ 

Pocky Flats has highly specialized facilities and equipment for handling plutoniua. 
It also has personnel who have extensive knowledge regarding the chemistry and fabricstion 
of plutonium, bcryllium, and other materials uhich require special handling. 

2 . 2 . 1  Location 

The Rocky Flats Plant covers almost 11 square miles, occupying Secti0r.s 1 
througn 4 and 9 through 15 of R70W, T2S of Jefferson County, CO16radO. The facility 
is centered at 105O 11‘ 30” west longitude, 3 9 O  5 3 ’  30” north latitude. As shown in 
Figure 2 . 2 . 1 - 1 ,  this location is 16 miles northwest of Denver. Colorado, and 9 to 12 
miles from the communitizs of Boulder, Golden. ar.d Arvada. It is bounded on tne 
north by State Highvay 128, on the west by State fIighwdy 93, on the south by State 
Highway 72 and on the east by Jefferson County Highway 17. 

Situated at an elevation of about 6,000 feet. the Plant is on the eastern edge 
of a geological bench known locally as Rocky Flats. 
5 miles wide in an east,-west direction, fl<-nks the eastern edge of the abruptly 
rising foothills of the Frcct Range of Lhc Rocky Mountains. The Continental Divide 
is approximately 26 miles west of the Plant. 

This rocky bench, which is ahout 

2.2.2 Ex terna llpiea rancc 

The geological bench c dhich the Plant is situated slopes gradually to the east 
at an average gradient o f  : feet per mile. The land surface is stony soil formed 
from the glacial mtuash From the mountains to the vest. This deposit consists 
laro,ely of g.-avel and cobbles intermixed with sand and clay. Boulders, some as large 
as 2 feet in dimetei, dre interspersed with the gravel. Low precipitation, drying 
winds, and a permeable gravel substrate are responsible for the a r i d  Rocky Flats 
environment that i s  reflected in the kinds of low-grass prairie vegetatim growing in 
the area. More detailed information about the geology and other natural features o f  
the area i s  presented in Section 2.3. 

. Plant buildings are concentrated in ;i small area (384  acres) surrounded by a 
security fence. Land between that fence and the site boundatich, encompassing 6,550 
acres, serves as a buffer zone bcruccn the Plant and the public. :A cattle fence on 
the site perimeter is posted to identify the land as a restricted area. Developments 
in the buffer z o : ~  Include firebreaks, holding ponds on three watercourses. environ- 
mental monitoring -rations, a sanitary landfill area, salvage yard, power lines, wind 
energy test towers, gravel pits, target range. and access roads. 
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Figure 2.2.1-1 General Location of the 
Rocky Flats Plant Within a 50-Mile Radius 
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Two access roads, one from State Highway 93 to the west and one fro% County 
Highway 17 to the east, pass through the security fence that encircles the main area 
of  the Plant. Within this central Facility are about 100 buildings, none over three 
stories above the ground. Plant visibility From nearby highways varies, depending on 
a viewer’s locatjon. The most prominent structures are the 155-foot water tower, 
three building stacks measuring 69, 98, and 151 feet in height. respectively, and the 
new plutonium recovery ana waste treatment facility. Figure 2 . 2 . 2 - 1  is an aerial 
view of the Plant. 

As shown in Figure 2 . 2 . 2 - 2 ,  the Plant is  divided into several areas constituting 
separate operational complexes. 
three-digit number; the first number of the three signifies the area in which the 
specific building is located. 
series are applied to miscellaneous facilities that are distributed throughout the 
Plant site. The major production 
complexes are in the 4 0 0 ,  700, and 800 areas. The buildings shown in Figure 2 . 2 . 2 - 2  
at the north end of the 300 area represent the plutonium recovery and waste treatment 
complex soan to be completed. 

2 . 2 . 3  Facilities (Jtilization 

Each building within an area is identified by a 

There is no 200 area as such. Numbers in the 200 

Examples are utility structures and parking lots. 

The Rocky Flats Plant includes -_icilities for the fabrication, assen ly, and 
quality testing of radioactive and-nonradioactive components for nuclear weapons; 
chemical processing and process waste treatment; and research and development. 
Presently, there is more than 1.7 million square feet of building Floor space ic over 
100 structures. An additional 331,000 square feet will be available when the new 
plutonium recovery and kdste treatment complex becomes operational. Of the current 
total floor space, fd’Jrication, chemical processing, and assembly facilities account 
for 41%; laboratories and test facilities occupy 15%; administrative, personnel, and 
security facilities account for 9%; utility and support services. including radioactive 
and nonradioactive waste-treatment facilities, occupy 19%; and warehouse and storage 
areas account for 9%. The remaining area includes pcrmanent facilities for on-site 
construction contractors, which utilize 2% of available floor space, and miscellaneous 
facilities and structures that occupy the remaining 5%. 

2 .3  SITE ENVIRONMENT 

To properly assess the environmental impact associated with the Rocky Flats 
Plant, it is necessary to identify the natural and man-made features of the area. 
uses made of the land, area population in the Plant vicinity, and how that population 
i s  distributed. The next few sections address these items and, where applicable, 
describe evaluations that have been performed. 

.- 
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The i m p x t  o f  t h e  Rocky Flats Pl. int  o n  h i s t o r i c ,  s c c - r i i c .  c u l t u r d l ,  a n d  n . i t u r a l  
f e a t u r e s  in t h e  r e g i o n  has b e e n  e v . i l u . i t 4 .  I n f o r m a t  i o n  w<i\ gathered p r i m c a r i l y  from 
t h e  S t a t e  l i i s t o r i r , i f  Society  o f  Colorado a n d  t h c  C o l o r a d o  Department  of ?i .atur<il  
R e s o u r c e s  . 

To aid i n  d r t v i - m i n i n g  thc. environnic*nt . i l  iiitpact ( i f  the* Rocky F l . i t s  1’l . int .  the 

industriai\fa(,iliti(.s. p u b l i c  f a c i l i t i e s  .tnd i n s c i t u t  ions. m t l  traii.-.p)rtc*t con r o u t e s  
w i t h i n  f i v e  ruifes o f  the. l J I . int  .ire i d t * n t i f i c * . t l .  Inforai . i t  i o n  .itmut t h e s r  f a c i l i t i e s  
was obtained from the  Co1or. i t lo 1)cp.trtuients o f  I l c a l t h .  l t i g h w c i y s ,  m t l  E d u c a t i o n .  and 

other g o v e r n m e n t  . i g c n c i c s .  

Land uses i n  t h e  \ ? i c i n i t y  of  the. Rocky Fieits  Pi. n t  k c r v  obt.iir1c.d from \ . a r i o u s  

land-use p l a n s  and z o n i n g  meips dlcquirecl  from 5 t . i t r . .  C o u n t y .  .and C i t y  p l . i n n i n g  a p e n -  
cies. These s o u r c e s  show some o f  thi .  l.intl d j a t . ~ * n t  to  Kockp f l a t s  as b e i n g  z o n e d  for 
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industrial development. 
boundary are listed in Table 2.3.2-1. 
by USDA Soil Conservation Service. 

Industrial facilities csisting within 5 miles of the Plant 
There are no prime agricultures as determined 

TABLE 2.3.2-1 
INDUSTRIAL FACILITIES 

WITHIN 5 NILES OF THE ROCKY FLAT5 PLANT BOUNDARY 

Distance and Direction 
Number o f  from Plant Security Fence 

Name Description - Erup 1 oy ee s (miles) (Boundary) 
The Oil Shale Laboratory on 
Corporation-TOSCO 40-acre site 78 2-South 

Great Western Plant manufacturing 
Inorganics, Inc. and testing inorganic 

chem ica 1 s 16 2-South 

Frontier Forest Wholesale and Retail 
Products Lumber Yard 14 

Ideal Cemmt Lightweight 
Company aggregate (closed in 1976) 

plant 

Jef fco Airport 99!!-acre 
and lndustrial industrial park 206 
Park 

2-Sou t h 

2 .4  Northwest 

4.8-Northeast 

The Rocky Flats Plant is located in a basically rural area. There are no public 
facilities or institutions such as schools, prisms, or hospitals within five miles 
of the Plant. The nearest educational facility is the Sierra Elementary School, 
which is six miles southeast of the Plant. Other schools are located in the same 
general area, but somevhat farther from the P!ant. The closest hospital to the Plant 
is Boulder Memorial Hospital. 10 miles northwest. 

Major transportation routes near the Plant include U.S. Highway 36 (Denver- 
Boulder Turnpike); Colorado Highways 72, 93, and 128; Jefferson County Highway I7 
(Indiana Street); and the Denver and Ria Grande Western Railroad. The Colorado 
Department of Highways reports that U . S .  Highway 36 carried an averake of 27.700 cars 
daily during 1977. That same year, approsimately 5,100 cars per day used Colorado 
Highway 93, which is west of Rocky Flats and is the main commuter route for Plant 
emloyees from Boulder and Golden. Jefferson County Highway 17, paralleling the 
Plant's eastern boundary, is  also a major commuter route for employees. The junctior 
of Highway 17 and Colorado 72 southeast of the Plant carried about 3,800 cars daily 
during 1978. The D&RGW %ailroad, which is about 2 miles south of the Plant, is the 
main line west from Denver. Several trains a ddy use this line to haul freight. 

2-11 
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located in Jefferson C o u n t y ,  with thc 
(40%) and Adam C o u n t y  (10'2.). At-wrd 
75% of this land b a s  used for n g r - i c u l  

Several rancher d t x ~  l c ~ ~ ~ i t t d  h i t  h 
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TABLE 2 .3 .3 -1  
POPULATIOX CENTERS WLTHLN 50 MILES OF THE PLANT BOUNDARY 

Name 
Arvada 
Aurora 
Ber thoud 
Bou 1 der 
B r i  gh ton 
Broomf ield 
Castle Rock 
Central City 
Commerce City 
Denver 
Engl ewood 
Estes Park 
Fort Collins 
Fort Lupton 
George town 
Golden 
Greeley 
Idaho Springs 
La faye t te 
La kewood 
Leyden 
Lit t 1 et on 
Longmon t 
Louisville 
Loveland 
Lyons 
Horri son 
Nederland 
Northgl enn 
Platteville 
Superior 
Thorn t on 
Westminster 
Wheat Ridge 
Windsor 

* 19/5 Estimates 

year 
1977 
2000 

Distance 
(miles ) 

9 
21 
29 
10 
22 

7 
39 
18 

24 
29 
9 

45 
20 
10 
12 

3 
22 
20 

7 
36 
23 
16 
17 
1 1  
24 
5 

1 1  
9 

10 
43 

Direct ion 
SE 
SE 
N 
N-NW 
E-NE 
E- NE 
S-SE 
w-sw 
E-SE 
SE 
S-SE 
N-Fd 
N 
'4 E 
v-sw 
S 
Y-NE 
v -SW 
NE 
S-SE 
S 
S-SE 
N 
N-NE 
N 
N 
S 
W-NW 
E 
NE 
N-NE 
E 
6-SE 
S-SE 
N-NE 

TABLE 2 . 3 . 3 - 2  
POPULATION PROJECTIONS 

1977 Estimated 
Population 

90,000 
127,500 

2 ,100  
90,400 
11.800 
20,600 

16,300 
530,600 

33,100 
2 ,100  

60,600 
3,500 

750* 
11,200 
55,000 

2,100* 
6 ,700  

134,300 
150* 

28 ,4r1  
38,200 

5,000 
25,000 

1,200* 
500 
800 

2,700* 
300* 

33,100 
1,500 

300 
34,000 
45,000 
33,800 
3,500 

SO-nile Radius of 
Denver Metropolitan Rocky Flats Plant 
Area (millions) (millions) 

1.s 1 . 8  
2 . 4  3 .5  



The 1977 population densities in sectors within 10 miles o€ the Plant 
in Figure 2 . 3 . 3 - 1 .  For the area within 5 miles of the Plant, a survey was 

are shown 
conducted 

to determine the actual number of houses. An estimate was then made of the number of 
people by using an averzge regional family size of 2 .83  (DRCOG 1977) and multiplying 
this by the number of houses. For the 5- to IO-mile area, the population estimates 
are based on data obtained from Adanis, Boulder, and Jefferson County Planning Depart- 
menth and the Denver Regional Council of Governmeats. Each sector consists of 
portions of one or more regional planning divisions. The percentage of the ares of a 
planning division incorpordted into a sector was determined. An even distribution of 
the population was assuiiied dcross a planning division, and the percent was multiplied 
by the projected di\*i-,ion population to obtain the number of peo?le in the sector. 

PopuIdt ion est im.itc*s for  sectors up to 50 miles from Rocky Flats for the year 
ZOO0 are illustratc4 in Figure 2 . 3 . 3 - 2 .  These distributions are based on projections 
from thc Boulder. Lirimcr, and k'eld County Planning Departments, Colorado Division of 
Pl.inning. and the L)t.nipc.r Regional Council of Governments. Zero growth is estimated 
sithin tvo m i l e s  of tlic Pi.rnt because most of the land is Government owned and within 
t h e  Rocky F l a t s  buuntlaric5. The nearest residence is two miles northwest of the 
Plant's center. 

For dcterniining p r o j e c t  ions for 1980, 1990, and 2000 in sectors which incorpo- 
ralcd only cine pl.tnninX d i \ ? i s i o n .  thc perzent growth o f  the division was applied to 
thc s e c - t u r  popuI.it  ion. 
average of t h e  percent growth for thc divisions was applied to the sector. 

For sectors overlapping two or more planning divisions, an 

The drtw within 5 iiiilcs of the P l m t  had a 1977 population oi approximately 
4,103, or .)bout 52 pc.rscJns IJVr squdrc mile. This population is projected to increase 
to 4,67h in 1980: 6,918 in 1930: .mil 9.241 in 2000; or 60,  88. and 118 persons per 
square nti1e. rcspc'c't i v ~ l y .  The most populated sector is to the southeast of the 
P l a n t ,  k h i c h  is in thv direction o f  Denver. The 1977 estimated population betvcen 10 
and 50 iiii1t.s in this wctor wds 5 2 4 , 9 0 0 ;  it is expected to increase t o  680,300 in 
19x0; t o  962.h00 in 1990; and to 1,212,600 in 2000. 

/- - 

The Imiy \ i g n i ! i c m t  shitts ot population in the region are  caused by college 
stutknts. The r e g u 1 - i ~  enrollment of 21,600 at the University of Colorado in Boulder 
dccrc.ises to a suiwner session t o t a l  of approsimately 7,800; Denver University drops 
front 7 , 3 0 0  t o  3,fdJo; and Colorado School of Mines in Golden drops from 2 , 2 0 0  to 500; 
a total dtscreasc in pc~pulation of 19,400 during the summer months. 
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2 . 3 . 4  Geology-dnd Seiwnology 

Information on the geologic, tectonic, and seismologic setting of the Rocky 
Flats Plant site and surrounding area is also presented. 'The discussion i s  based on 
pertinens, published geologic literature through June 1978, and results of investiga- 
t i o n s  performed specifically for the Rocky Flats Plant site. 
include: 
Blume and Associates (Blume, 1972; Rlutne, 1974), (2)  a remote sensing investigation 
of the Rocky Fldts plant site using various types of imagery by EC&G in 1976 (Lackey, 
1976). (3) a reflection seismic investigation by T.  L. Davis of the Colorado School 
of Mines in 1976 (Davis, 1976). ( 4 )  a soil survey of the Rocky F l a t s  Plant site by 
the Soil Conservation Service in 1975 (Volume 1 1 .  Appendix C-3), (5)  a hydrology 
investigation. including geoiogic mapping, of the Rocky Flats area by R. Theodore 
tturr of the Y . S .  Geological Survey in 1976. (Hurr, 197G), and (6) a review of histori- 
cal seismicity within 200 miles (320 km) of the Rocky Flats Plant site by kbodwdrd- 
Clyde Consultants in 1978. 

The investigations 
( 1 )  Seismic and geologic investigations and design c r i t e r i a  by John A. 

Rocky t 'fats  buildings were construct& over t h e  last 27 years, and s p p l i c a b l e  
structural design criteria were used (as revised) thrcugh that period. Seismic 
design conditions were not emphasized in the Denver area u n t i l  the late s i x t i e s  

because the. Cni form Building Code (L'BC) placed Denvcr in Seismic %one Zero. IIowrver, 

among the first buildings a t  Rocky Flats, Buildings 771, 881. and Y91 were designed 
t o  withstand nuc.le;ar blast conditions. As a result. there is little question that 
these structures arc adequate t o  resist any ?robable site seismic forces. 
buildings arc  readily espectcd to resist t h e  U . R . C .  %one No. 1 earthquake forces in 
accord Gith the present Denver area classification. 

lhc other 

As a part of the overall DOE risk assesssent program, an engineering study is 
underway to evaluate tho effects of earthquakes, tornadoes, and high winds on storage 
and production structures at Rocky Flats. 
of 1979, systems, equipment and components will be evaluated for resistance to 
similar forces. The consequences of adverse natural phenomena and of potential 
accidents will be assessed with their respective probabilities of occurrence to 
determine a level of risk, including the risk of a plutonium release to the environ- 
ment. 
(see Section 2.6.2.5) used by DOE to determine appropriate actions such as remode1ir.g 
and reinforcement. Further, DOE will supplement th,s EIS, if necessary. Pending the 
availsbility of the safety analysis reoorfs, this EIS has analyzed as a worse-case 
accident to be possible failure of structures, equipment and components to withstanE 
natural phenomenon. 

Following that study, begun in the summer 

This information will be incorporated in the safety analysis reports 

Recently, site specific seismic criteiia were used in the desiy of the new 
Plutonium Recovery and Waste Treatment Facility, E-ilding 3711374. The seismic 
criteria deveicped for Building 371/374 were based on the Nuclear Regulatory Commissions' 
safety philosophy for nuclear reactors as outlined in 10 CFR 100. 
AEC, in conjunction with industry experts, developed the design criteria which 
eventually became E!3A Elanual Appendix 6301 Facilities General Design Criteria, Part 

In the early 1970's 
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11, B, Plutonium Facilities for any of its future facilities handling and processing 
plutonium. The criteria included site specific requirements to identify possible 
impacts from natural phenomena like earthquakes, tornadoes. floods, and high winds 
which could affect a facility's safety. A t  that time, the SRC seismic requirements 
for plutonium processing buildings were not as well developed. The same design 
considerations have since Peen incorporated hy SRC into Cegulatory Guides for 
commercial plutonium pro2essinp and fuel fabrication plants. 

Early in the preliminary design phase of Building 371/374, consultants Blume and 
McDonald were commissioned to establish t h e  site specific parameters. The seismic 
criteria developed by Blumc for Rocky Flats considered two earthquake magnitudes; the 
Operating Basis Earthquake (OBE) of magnitude 5.6 on the Richter Scale (conditions 
which would allow an operation t o  continue safely) and the Design Basis Earthquake 
(DBE) of magnitude 6.0 (conditions which would allow for a safe shutdown of the 
faciiity). 
exceed the UBC requirements for Zone No. 1. 

Structures designed to withstand the forces produced at either level far 

In response to public comment on the DEIS, it. is necessary to discuss the reason 
for basic differences in plutonium and reactor facility seismic siting criteria. 
Neither DOE nor ... 2 apply reactor seismic criseria to facilities such as Rocky 
Flats. 
tions which are Rot applicable to conditions .at Rocky Flats: 

The NRC developed its reactor Seismic Standards hascd on two major considera- 

1. A large amount o f  stored energy is present in the fomr of  heat from the fission 
process and the decay of fission products. 

2 .  Intense radiation fields are generated from direct neutron and gamma radiation 
associated with the fission process of an operating reactor and also from fission 
product decay. 

The heat from decay o f  large amounts of  fission products continues for a substan- 
t i a l  period following reactor shutdown. 
potential for core meltdown if cooling capabilities cannot be maintained. 
meltdown would generate a large radioactive material source term for possible release 
to the environment. The radiation fields would preclude personnel access to critical 
components for inspection, maintenance, and repair. 

The availability of extreme heat provides 
A core 

At Rocky Flats, none of the operations or processes present the stored energy 
None of the hazard inherent with a reactor and its potentially large source term. 

operations or processes involve or produce radiation fields which would preclude 
personnel access, o r  expose persons to  rediation in excess of applicable guide values 
for normal maintenance, inspection or repair activities. 
design criteria is not warranted and, therefore, not applled. 

Thus the use of reactor 



In 1980, a field study will be initiated to evaluate the capability 6f the 
Golden fault and other faults in the Rocky Flats site vicinity. 
study will be used to update the Blme seismic criteria if necessary. 
tions will be incorporated into the Plant Safety Analysis Report ( S M ) .  
SAR and Facilities SAR's deal with operational safety issues 2nd the effects of 
natural phenomena (such as earthquakes, tornadoes, floads, and likhtning) on essential 
building structures, systems, and equipment at the Plant site. See Section 2.6.2.5 
f G r  a discussion of SAR's. 

The re:ults of this 
These evaluk- 

the Plant 

2.3.4.1 Physiography and Geomorph3lopy 

Tte elevation of the Rocky Flats Plant site is approximately 6,000 feet (1.800 m). 
The Plmt site is on the western margin of the Colxado Piedmont section of the Great 
Plains Physiographic Province (Fenneman. 1931). The Colorado Piedmont ranges in 
elevation from 4,000 feet (1,220 m) on the east to 7,000 feet (2,130 m) on the west. 
The P-edmont nterges to the east with the High Plains section of the Great Plains 
Province 
Southern 

The 
Tertiary 
regional 

and i s  terminated abruptly on the west by the Front Range section of the 
Rocky Mountain Province. 

Colorado Piedmnt is an area of dissected topography and denudation where 
strata underlying the High Plains have been almost ccmpletely removed. 
context. the piedmont represents an old erosional surface along the eastern 

In a 

margin of the Rocky Mountains. 
(Paleozoic to Cenozoic in age), which are abruptly upturned at Lhe Front Range'to 
form hogback ridges parallel to the mountain front. 
rolling and slopes gently to the east with a topographic relief of only several 
hundred feet (approximately one hundred meters). 
tznt bedrock units that locally rise above the surrounding landscape and to th.e 
presence of incised stream valleys. 
from west to east have their origin in the Front Range. 
developed as tributaries to these major streams within the piedmont. In the area of 
the Plant site, a series of Quaternary pediments have been eroded across this gently 
rolling surface (Figure 2 . 3 . 4 - 1 ) .  

It is underlain by gently dipping sedimentary rocks 

The piedmont sur€ace is broadly 

This relief is due both to resis- 

Hajor stream valleys which transect the piedmont 
Small local valleys have 

The eastern margin of the Front Raclge a few miles west of the Place site, is 
characterized by a narrow zone of hogback ridges and flatirons underlain by steeply 
east-dipping Mesozoic strata (such as the Dakota Sandstone and the Fountain Formation). 
The Front Range attains elevations of 12,000 to 14.000 feet (3 ,600 to 4 ,200  m) 15 
miles (24 km) farther west. The range itself is broad and underlain by resistant 
gneiss, schist and granitic rocks of Precambrian age (see Figure 2.3.4-2). Some of 
the relief of the Front Range is a result of erosion during Mid- to Late-Cenozoic 
time, and some to tectonic uplift. 
mountain front have been removed by erosion. 
rocks of the range itself have restricted stream erosion so that deep, Farrow canyons 
are present within the range. 

The soft shale and sandstone east of the present 
The resistant granitic and metamorphic 
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Figure 2.3.4-1 Erosional Surfaces and Alluvi 31 
Deposit i East of t h e  Front Range, Colorado 
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Several terraces and pediments in the area of the Plant site have been eroded 
across both hard and soft bedrock during Quaternary timta (Scott, 1963). The Rocky 
Flats pediment is the most estensive o f  these. forming a broad rlat surface north of 

, Coal Creek. Figure 2.3.4-1 shows a generalized cross section of the QuJternary 
pediments and overlying alluvial deposits for the Rocky Flats area. 

These broad pediments an6 r..trrower terraces J T C  covered by thin alluvial depo- 
c 

sits of ancient streams which drain ea. 'iard into the Great Plains. The squence of 
peaiments reflects repetitive physic.. grocesst s associated with cyclic chmges in 
climate. Each erosional surface and st ratigr.iphic st.qut*ncc* dt-posi ted on i t  probably 
represents a single glacial cycle. The oldest and highest pr*dinwnt, the Subsummit 
Surface (Scctt, 1960). truncates the hogLack ridges of the Front :iangc. Three suc- 
cessively younger pediments are \,cnccrrd by a1 lu\ri<iI graltvls  vstcnding casth'ird fron 
the mountain front. Erosion of \tal leys into the pcdinit-ntb followed c*<x-h dt-posi t iondl 
cycle so that, near the mountain front, str.*t igraphic.il1y younger geolvgic units 
occur at  topographically lower rlrvtt ions ,IS narrow tcrr.we tleposi t s  along s l  re nms 
draining the Front Range. From oldest to youngest, the thr-c.cs pre-Wisconsin pediment 
surfaces are the Kocky Flats A l l u \ ~ i u n i .  Vertfos A1 tui.iunr. .tnd Slcicum Allu\'ium (Scott. 
1965). A series o f  Wisconsin and post-Wisconsin tt'rr.ice deposits a r c  present dt 
lower elevations along st reams that h.i\.e incised the o l d e r  pediments ( s e e  Figure 
2 . 3 . h - I  1. 

The Rocky Flats Plant site is loc*.,ited on .I mrsci-likc surface cf Rocky Flats 
Alluvium. The pediment surface and venter of R o c k y  Flats Alluvius, genrrdlly 10 t o  

50 f e e t  (3  to 1 5  m) thick, have bcrn eroded t)y Walnut Creek on the north and Woman 
Creek on the south so that below the P l a n t  site, bluffs .ilong these st reams range i n  
height from 50 to 150 feet ( 1 5  to 45 m ) .  The gl-~dicmt o f  the gently ecisthard-s1oping. 

mdtely 2% j u s t  east  of the Plant. 
- , dissected Rocky Flats Alluvial s.irface varies  frcini 0.7% <at the P l a n t  s i t e  to approsi- 

2.3.4.2 Geologic History 

The central Colorado area i s  part of the North Antcrican Craton. During Precam- 
brian time, geosynclinal sedimentary dnd volcanic rocks were deposited, and later 
folded, faulted, and were intruded by granitic rocks. The rocks were subjected to at 
least three periods of metamorphism and are now mainly gneisses and schists (Sheridan 
et al., 1967; Van Horn, 1976). The Tdaho Springs-Kalston shear zone and other zones 
of northeast-trending cataclastic deformation, northwest-trending f3ults and breccia 
reefs, and north-to northwest-trending strike-slip faults w i t h  a north to northwest 
trend developed during the Precambrian (Tweto and Sims, 1963). 

The early Paleoroic was characterized by periods of shallow marine deposition, 
alternating with periods of minor uplift, erosion, or nondeposition (Haun and Kent, 
1965). During Pennsylvanian time, the Ancestral Rocky Mountains were formed in 



approximately the same location as the present Laramic and Front Ranges (Figure 
2.3.4-3). while a sea covered the Denver Basin area t o  the east. The orogeny (period 
of uplift) resulted in the erosion of most carlier Paleozoic rocks in the vicinity o f  
Rocky Flats; however, a few remnants are preserved deeply buried in the Denver Basin 
(Scopel, 1 9 6 4 ) .  The coarse clastics of the Fountain Formation were derived from 
erosion of the Ancestral Rockies and depositrd along the edge of the sea, while 
carbonate and shale were deposited farther e.ist in deepcr water (Martin, 1965). 

* 

Erosion of the Ancest real Rockies continued during Permian and Triassic time: 
they were probably ieve1c.d by .Jur.issic t i m r  (iLrun and Kent, 1965). Throughout the 
Triassic, Jurassic, and Ltrly Cr<*t.tceous, the sea t ransgiessed dnd regressed across 
Colorado. A thick sequertcc. o f  iiiar~nr. and terrestrial units were deposited, some of 
which are now esposvd just wt’st of the Rocky cJ.its Plant s i t e .  

The Laramicie orogeny heg.in in the Late Cret‘aceous with uplift of the Front Range 
and the other ran;es o f  the Rocky >fountains. along b7ith .a rapid increase in sutsi- 
dence in the Denvcr Basin ( S C ~ L .  Figure 2 . 3 . 4 - 3 )  (X. ir t  in, 1905). Upper Cretaceous 
units in the Denver Basin bt.rt.  dt’)JtlSittd as  .an rastuardly progr-ding delta. Weimer 
(1973) postuIated the prestank’t, . ) t  grobth I-aults i n  the d e l  t.iic scdinicnts along the 
western edge of the Denver H.rsin. D ~ t a  from Da\?is (1976) support .in interpretation 
that growth faults a r c  prc*ht.nt i n  (~rrtd~~eous I-orm.itions ~ c s t  of the Rocky F1.a::; Plant 
site. AXthough much of thc t.iuIt i n g  dsswi.itc.d kitti the  I.ar.imidr orogeny took pl4c.e 
along Precambrian fault zones iinct foliation trends (BacigIey. 1960), many new faults 
were a l so  formed. Thcx Golden !.&tilt (iris prc>duc.t.d by thrusting along the Front Range 
monocline which folded thc P . i l c t w t > i c .  .and ?irsozoic format ions to a vertical or slightly 
overturned position West of thr: f ’ l ~ i i t t  site. Concurrent ~ i t h  uplift of the Rocky 
Hountains, the Denver Basin K ~ S  t i l t e c l  east, .assuming i t s  present form (%artin, 
1965). The Laramide orogeny resulted in 15,000 to 45,000 feet (5,000 to 14,000 m) of 
structural re1 ief. 

Volcanism associated kith the l.~it-.imide orogeny tvgan near the end of the Cre- 
taceous and continued into thr. P.ilt*occ.ne. Kenmints of volcanic deposits near Rocky 
Flats include the Table Mount,rin floks (within the Denver Formtion) n w r  Golden and 
the Ralston dike (Figure 2 .3 .4 - (4 )  ( V m  Iiorn, 1976). Paleamagnet ic evidence indicates 
that the Rdlston dike was intruded A o u t  62 million years ago (Hoblitt and Larson. 
1975). Hoblitt and Larsan (1975) bvliew th<;lt the intrusion s d s  a sill that vas 
later uplifted and rotated 60”E along the Golden fault. The Colorado Mineral BeIt 
developed during and after the Laraniide orogcny with intrusion of porphyries and 
associated ore deposits into the northeast-trending Precimbrian structural zone 
(Tweto and Sims, 1963). 

Erosion kept pace with uplift during the Laramide orogeny, and the mountains 
probably never stood very high above the basins. By late Eocene time, an erosion 
surfate with low relief covered much of the Rocky Mountain region. Detailed studies 
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of displacements on t h i s  and l a t e r  erosion s u r f a c e s ,  Ter t iary  dtqmsits and p.ilc.0- 
v a l l e y s  (Epis and Chapin, 1975;  S c o t t ,  1975;  1n.t t ,  1975;  T.iylor. 1975) h.ir.1. shocin 
that  the present Rocky Mountains a r e  largely  t h e  resul t  o f  post  -l.ctr.iniide tectonism. 
P a r t s  o f  the Eocene surface  were prcscrwd ; IS  lJdleOVa1 l r y s  khich u’rv huric.d untlc-r- 

the Wall Mountain Tuff  o f  e a r l y  Oligocene age and corrc la t iv t .  g i - a v ~ ~ l s  i n  t h c  South 
Park area  and near Cas t le  Rock (Epis  and Chapin. 1975) .  .and by ( , t h i - r  01igot.c.ric’ .,rid 

Miocene volcanics  and sediments west o f  the Front H.rngt. (1zt.t t . 19/5) .mtl i n  s t w t h -  

centra1  Colorado (Taylor ,  1975) .  Up1 i f t  in t h t -  Color;icio I;ot~kit.s s i n 4  t. t . . t r ly  ?licic.c.ni. 

has ranged from 5 , 0 0 0  t o  10,000 fee t  (1500 t o  3OCO i l l ) ,  and b1oc .k  I i u l t  ing i n  t h t .  

Miocene and P1 iocane has displaced the Eoccnc.  surt.trt- hunclrcdri 1 4 1  t t:i-us i r i c l s  < ) I  ! t a t , :  

(hundreds of meters)  on many o f  the f a u l t s .  !!.my ri\crs zh.inxt.t! t.$i’.~rst+ . IS .i rt.hu11 
of t h i s  u p l i f t  (Scott, 1975) .  folding of Mic>c.t*nv dc*.ptbsits h.rs t b x  \ . u t . r t t I  .i!tmg h-ltti 

f a u l t i n g  in North Park ( I z e t t ,  1975) .  I n  tht. h t * s t c . r n  Front K. tnxt . .  > k i t 1  t i 1*1!5) I c ~ u n t l  

1,000 f e e t  (300 m) o f  l a t e  Tert i ‘ i ry  displ.ictmt.nt t>n thc Et.nnt,c!v G , A l .  ti t . t u l t .  . ind $ j O  

fee t  (100 m) and 2 , 0 0 0  f re t  (600  m )  dis’pI.ic~twt.nts on ?-.iuI t 5  i i t . , i r  I;~.I.~;~.II f ’ . t r  h. \t.,kr 
the eas t  f lank o f  thc Front R4ngc.. cbrosion h . i s  rc*iutivcxl . i I i i i t ) s ~  . 1 1  I ( P I  t i l < .  t : i * c t ’ t l t .  

sur face  and c h c  mount o f  post-l.ai-aiiiidc up1 if1 i s  unkncwi:. ’ 

Quaternary faul t ing  has not been ciel l  documc.ntcd i n  ( : o l o r . i d o .  b u r  scatt. ! . . i u I r s  

show c-:idence of Quaternary a c t i v i t y  (Scott  1970;  K i t  k i n d ,  l ‘ j ? h ;  E i  r/\!~.iiti .inti KcIgt.rs, 

1978). West (1977) .  working i n  the Gore Range, t.stai,l ishc-tl t . t - i l t . r i . 6  f t ) r  t.\,.tlu-i: i n g  

ac t ive  f a u l t s  and faul t  scarps .  In h i s  eva1u.tt ion o f  f a u l t s  prt .\, ici i i>lv ( t t . + t . i - i I ) c - d  . IS  

showing strong evidence of very recent  movement , he found t h . i t  tii,tny ft . ; i .ur- t -s  toriiitarly 
reported t o  be f a u l t s  were ac tua l  
weakened by ancient  faul t ing .  He 
l a s t  m i l l i o n  years)  fau l t ing .  

A graben near t h e  Golden fau 
periods of Quaternaiy movement wi 

t in Golden (Figure  2 . 3 . 4 - 6 )  shous .at 1c.ist tuo 

h a t o t a l  displacement o f  18 fevt  ( 5 . 5  t i l )  ( S c o t t .  

1970; Kirkham, 1977). Although the r e l a t i o n s h i p  between the  graben ‘2nd u p l i f t  o f  the 
Front Range along t h e  Golden f a u l t s  is unknown, the graben docs indicate  that  Quater-  
nary moveaent has occurred on f a u l t s  on the e a s t  s i d e  of the Front Range. 
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2 . 3 . 4 . 3  Stratigraphy 

Rocks in the \vicinity o f  the Kcicky F i a t s  Plant s i t e  range i n  age from Precam- 
brian t o  Holocene (Figures 2 . 3 . 4 - 2  ‘and 2 . 3 . 4 - 5 ) .  The oldest are  the f’recambrian 
gneiss .  s c h i s t ,  and quartzi te  that form the core of ttrr Front Range  est of  the Plant 
s i t e .  Str.itigraphically ab0L.e these rocks a t  the Plant s i t e  drr sedimentary foma-  
t ions  xhich range in’ age from PennsyIvanian to Paleozoic ( s e e  cross  sec t ion .  Figure 
2.3.4-6)- and s u r f i c i a l  deposits which range in age f r o m  Plvistocene to Holocene. 
The Rocky F l a t s  area xds generally undergoing erosion during Ter t iary  l i m e ;  conse- 
quently, any Tt.1-ti.iry rocks that  were deposit.cd have becsn strippcd avay. S u r f i r j a l  
deposits rest  unconformably on the -oded surface o f  folded and t’.auItcd bedrock 
formations (Figurt. 2 . 3 . 4 - 6 ) .  A geologic map of the area within .I 5 m i l e  ( 8  km) 
r.idius of the Kockp F l a t s  Plant s i t e  is  shown on Figure 2.3.h-7. ..\ generalized 
striitigt-=iphiv column f o r  the Rocky F l a t s  \vicinity i s  shoxn cm Figures 2 . 3 . 4 - 2  and 
2 .3 .14 -5 .  l)ct.iilt*ti descriptions o f  s t ra t igraphic  u n i t s  presvnt in the Rocky F l a t s  
v i c i n i t y  art‘ , a v ~ i i I ~ l ) f t *  i n  var ious  sources ,  including fturr (1976) .  ?l.tlde (1955), 
Sptm‘cr’ (1961). Lqan Horn (14j76), and Wclls (1’367). 

S o i l s  in the Kocky Fl.rts fJl.mt s i t e  dred have been mapped m d  described by the 
S o i l  C o n s r r v c i t  ion Stbr\pice ( k n v n  and others .  1975) .and a r e  shown in Appendix C-3. The 
vcstrrn p<ir( o f  the Rocky tI.its l’ldnt s i t e  area generally i s  underlain by the Nederland 
s o i l ,  a cobbly, g r a ~ c l l y ,  sandy lodm. This i s  a strongly developed s o i l  tha t  has 
hren d e s c r i b e d  by Amen and others (19751, Malde (1955). Scot t  (1963), and Machette 
et  a l .  (1976). 

The eastern ha!f o f  the Rocky F l a t s  Plant s i t e  area has a number o f  d i f f e r e n t  
s o i l  types corresponding t o  the d issec t ion  o f  the Rocky F l a t s  geomorphic surface. 
The s o i l s  are  found mainly on h i l l  s lopes ,  and, to d l e s s e r  ex tent ,  on ter races  and 
3n alluvium along streams. Two soils are  common: (1) the Denver-Kutch-Midway sail 
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association found on slopes and ( 2 )  the Nunn clay loam found on a lower erosional 
surface below the Rocky Flats geomorphic surface. The Denver-Kutch-Midvay soils 
occur on steeply to moderately sloping valley sides. 

2 . 3 . 4 . 5  Mineral Resources 

In response to public comment on the DEIS. this section on mineral resources 
that have been developed in the vicinity of Rocky Flats h.ts been added. 
sand. gravel, crushed rock, clay. coal, and ’uranium (Vdn Horn, 1972). 

They include 

subbituminous coal occurs in several lenticuldr bodies in the lower part of the 
Laramie Formation. Xo coal has been mined ir. the area since 1950. An estimated 10 

million tons o f  coal has been removed from 13 mines in the Golden quddrmglc- south of 
the Plmt. .\ssuming an a\Terage thickness of 6 feet of mineable coal, 250 million 
tons o f  cua1 still lie bithln 1,000 feet of the surface. It was estimated by Spencer 
(1961) that the total coal production from the I.ouisvi1le quadrangle North of the 
i’lant Y L S  20 million tons and that fek sizdible areas remain where coal is of suffi- 
cient thicknr.s:, and c,u.iIity to justify mining. 

Therc are rxtrnsivr deposits of sand and gratwl in the Rocky Flats area .  The 
Rocky Fldts . ‘ . l Iu \ . ium has been 3 source of sand and gravel the P l a n t  site. V m  
Horn (1972) es!iiiiated that there are .ibout 250 million c u b i c  yards of s m d  .rnd gravvl 

suitable for ccwc‘rett- and mineral aggregate in the Golden quadrdnglt . .  lhe nc.irest 
sand and gr,ivcl min- cuI-renrly operating is locatrd .Ibout one mile southhest of the 
Plil,-t site. 

Clay has been mined from both the Laramie Formation dntf the Pierre Sh,ile in a 
narrow strip from Coal Creek south to Coldrn. l’hrer pits in clap ,and c-lAystone beds 
of the steeply dipping lower part of the 1-ararnic Format ion arc’ presently being m i w d .  
The clay produced is best s-~ted for brick. tile. and sewer pipe. Clay from the 
upper part of the Pierre Shale was mined and tredted to form d lightweight aggregate 
at ‘1 plmt operated by the ldealite Cement Company near the northwest corner of the 
Plaqt site. This operation was closed in 1976. 

Several quarries have extracted rock from the Precambrian interlayered gneiss 
and the Tertiary igneous rock esposed in the Golden quadrangle. Both of these 
materials have been used for concrete aggregate and riprap. At the presefit time, 
rock is being quarried from the Kalston dike, which i s  about four miles southvest o f  
the Plant site, for use as riprap, concrete aggregate, and road material. 

The Schwartzwalder uranium mine, which is f o u r  miles southwest of the Plant 
site, has been the largest vein-type producer of uranium ore in Colorado and ranks 
among the six largest of this type in the United States. Ore shipments of this 
high-grade ore have yielded more than 11,500,000 pounds o f  U308. Unmined reserves 
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are believed to be sufficient to supply 600 tons of ore per day for the next 10 
years. 

2.3.4.6 Geologic Structure 

Regional Tectonic Setting 

The Rocky Flats Plant site is located in the Denver Basin, which is part of the 
Great Plains Tectonic Province. The Front Kange Uplift, which is part of the Southern 
Rocky Mountain Tectonic Province, is located immediately west of the site. Figure 
2.3.4-3 (modified from Grose, 1972) shows the major tectonic provinces and subprovinces 
within the site region. The Denver Basin and Front Range Uplift are the most signifi- 
cant to the Rocky Flats Plant site and are discussed below. New information on the 
possible activity of the Golden Fault has been added as  a result of public comment on 
the DELS. 

Denver Basin - The Denver Basin, in which the Rocky Flats Plant site is located, 
is an extensive sedimentary basin bordered on the west by the Front Range in Colorado 
and by the Laramie Range in Wyoming (Martin, 1965). The basin extends eastward 
across Colorado and soutbeastern k'yoming into western Nebraska and northwestern 
Kansas (see Figure 2.3.4-3). and is distinctly asymmetric. The eastern flank dips 
gently toward the axis of the basin, which lies close to and roughly parallel to the 
mountain front. The western flank is steeply upturned and beds are overturned in 
places, which may be the resalt. of thrust faulting along the east edge of the Front 
Range. A broad flexure separates two deeper portions of the basin, which are located 
near Denver, Colorado ard Cheyenne, Wyoming (Finley et al., 1955). During the 
Laramide orogeny of Late Cretaceous and early Tertiary, the basin was tilted eastward, 
and the shape of the basin assumed its present form. 

More than 13,000 feet (3,900 m) of sedimentary rocks overlie Precambrian basement 
rocks within the basin. 
tional environment marked by successive advances and withdrawals of epicontinental 
seas. Unconformable contacts, facies changes, and varying sediment thickness also 
indicate repeated activity in the tectonic features surrounding the basin (Martin, 
1965). The Denver Basin is separated from the Front Range Uplift by the Front Range 
monocline, which is described later. 

Geologic maps of the subsurface indicate a variable deposi- 

Front Range Uplift - The Front Range Uplift is a broad northwest-trending crus- 
tal block with a relatively flat top and steep sides. Together with its extension 
into Wyoming where it is called the Laramie Range, and a related structure to the 
south, the Wet Mountains, the Front Range constitutes a mountain belt up to 60 miles 
wide and 250 miles long (see Figure 2 . 3 . 4 - 3 ) .  The core of the range is composed of 
crmplexly folded and faulted Precambrian igneous aiid metamorphic rocks. Because of 
the mineralization associated with geologic structure in the Colorado Hineral Belt, 
the Front Range has been thoroughly invzstigated (Boos and Boos, 1957; Lovering and 
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Goddcird,  195d; i ' K e i o  ~ n d  5;n ib .  ~ ' l ( i : i j .  '!ht. c ( J i l t . i c ' f  betwetin t h e  P r e c a m b r i a n  crystal- 
l i n e  b a s e m e n t  r o c k  a x i  t ht. u v c . r l y i n R  st . t l iulcntary r o c k  s c q c r n c e  d i p s  s t e e p l y  eastward 
i n t o  t h e  Denver B a s i n  j u s t  ht,!it c b f  t h v  S'i.int. b i t t . .  

I_ Idaho Spr~_nl:~rKaIston__Shedr _%one - l ' recdinbrian f m l  ts ha le  been mapped in the 
P r e c a m b r i a n  m e t a n i o r p h i c  rocks * e ~ -  ~f t h c  P l a i t  s i t e ,  and arc g e n e r a l l y  r e f e r r e d  to 
as s h e a r  zones o r  brecci<l -eef$  (Kelts, 1967). ?'he closest o f  i h e s e  f a u l t s  t o  t h e  
s i t e  i s  t h e  I d a h o  S p r i n g s - E , ~ i ~ t u n  s h c n r  mne. l o c a t e d  about 3.8 miles (6 km) to t h e  
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west. %%to and Sims (1963) report that the i s i h e  Springs-Ralston shear zone was 
formed during the late-Precambrian, and is pa*-+ or a series of northeast-trending 
zones traced across central Colorado. The idah0 -prings-Ralston shear zone I s  not 
kpown to have displaced any rocks younger than ?::cambrian, and there is no evidence 
to indicate that the Fault has been active sJwe P ecambrian time. The steeply 
dippiilg shear zone trends about N50°E and Wadr- : from about 0 .5  miie to 1.5 mile (0.8 
to 2.5 km) in width (Wells, 1967). 

A map of basement rock three miles north of the site indicates a buried structure 
that may be a continuation of the shea; zone (Spencer. 1961). 
anomalies related to the shear zone in the Front Ravge also suggest an eastward 
continuation of the zone (Behrendt and Ba-iwa, 1972; and Zietz, 1972). The northeast- 
ward extension of the shear zone in the Precambrian basement rock could be the cause 
of the broad flexure that separates the two deeper portions of the 9enver Basin (see 
discussion under Faults in the Marshall-Superior-Louisville Area). 

Magnetic and gravity 

Livinpston Fa* - There is a series of northwest-trending faults or breccia 
reefs mapped in the hills several miles northwest of the site. 
that these faults originated during the Precambrian and were later activated during 
the Laramide orogeny. The Livingston fault, a little more than 3 miles (4.8 km) from 
the site, is the closest of these faults (see Figure 2.3.4-4). The fau:ts generally 
consist of a zone up to 1.5 miles (1.9 km) wide of subparallel faults characterized 
by breccia and gouge. 
contain secondary mineral enrichment. There is no geologic evidence to indicate that 
the Livingston fault has been active during the period of post-Laramide block faulting. 

Wells (1967) reports 

Parts of the faults have been recrystallized and locally 

Whtre the Livingston fault crosses Coal Creek, it is intersected by the Idaho 
Springs-Ralston shear zone. The Livingston fault branches into five splays, two of 
which continue to the south and southeast, and may connect with the Golden fault. 

Golden Fault - The Golden fault is one of the major frontal faults initiated 
during the Laranide orogeny and is the closest of the major faults to the Rocky Flats 

j site. The existence of the fault is evident from de1e:ion and displacement of major 
1 Stratigraphic rock units (Van Horn, 1972 and 1976; S-dith, 1964; and Scott, 1972). 
Boos and Boos (1957) believe the Golden fault is an underthrust w i t h  nearly 11,000 
feet (3,300 m) of section having been faulted out just west of Golden. Scott (1970) 
reports a stratigraphic throw of about 8,000 feet (2,400 ffi) in the same area, where 
it dips about 70° west. Berg (1962) demonstrates the fault dips steeply to the west, 
south of Golden. 

The trend of  the Golden fault generally Follows the range front with its mapped 
location extending from southeast of Morrison to north of Golden (Figure 2.3.4-4). 
Surface material covers and obscures the actual location and attitude of the fault 
plane over most of its length. The trace of the Golden fault becomes very indefinite 
north of Van Fibber Creek, about 5 miles (8 km) south of the site. 

c 
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Structure in the vicinity o f  Ralston Reservoir (Figure 2 . 3 . 4 - 4 )  is complex, with 
the junction of the Golden and Livingston faults, Xalston dike, and a lobe-rhaped, 
low-angle thrust. This structure is shown by Van Horn (1972) as a low-angle thrust 
coming out from the Golden fault and displacing the Fox Hills Sandstone about 0.75 
mile (1 km) to the east (see Figure 2.3.4-7). This structure could also be described 
as a gravity slide (Shuck, 1976). Such slides are common in other areas of the Rocky 
Mouritain region (Grose, 1972). A trace of the Golden fault continues northwest from 
the lobe-shaped thrust and is shown as connecting with two traces of the Livingston 
fault (Van Horn, 1972; Sheridan et al., 1967; and Wclls, 1967). There is evidence 
from seismic profiling (Shuck, 1976; Money. 1971)  and displaced fossi l  zones in the 
Pierce shale (Van Horn, !972), that another trace of the Golden faul; continues under 
and north of the Ralston dike for slightly over a mile (1.6 km), with rapidly decreas- 
ing displacements. In outcrops of ti:e Pierre Shale one mile (1.6 km) southwest of 
Rocky Flats Lake (Figure 2.3.4-7). there is no evidence for this trace of the fault. 

Scott (1970) documented the presence of a small g:aben feature west of Golden 
that has displaced Quaternary gravels. 
and inferred the entire fault may be active. The graben fo1r.d by Scott (1970) was 
trenchtd by Kirkhdm (1977) and was shown to tave displacemenrs with at least two 
periods of movement between the Yarmouth anJ Sangamnn interglacial periods (see 
Figure 2 . 3 . 4 - 5 ) .  This is tire only known place aloft,: the Golden fault zone with 
evidence of Quaternary movement. Kirkham believes the graben to be on a minor trace 
in the Golden fault zone, and suggests th3t other localities with Quaternary faulting 
might be found along the main trace o f  the fault or other minor traces within the 
fault zone. A report by Kirkham and Rogers (1978) concludes that the Golden fault is 
active. The capdbility (see the definition of a "capable fault" in the glossary) of 
the Golden fault is to be determined and will be discussed in detail in t!ie final 
Safety Analysis Report (SAR) for the Rocky Flats Plant. 

He attributed the graben to the Coiden fault 

Faults in the Marshall-Superior-1.ouisville Area - A series of ncrtheast-trending 
faults ha5 been mapped north of the Plant site (Spencer. 1961; Colton and Lowrie, 
1973). These faults break the upturned sedimentary beds that comprise the west limb 
of the Denver Basin into northeast-trending blocks. The major faults within the zone 
are shown on Figure 2.3.4-4. The fau?ting is clearly indicated by surface outcrops 
of Fox Hills Sandstone. 
fault planes was obtained, for the most part, from drill holes and exposures of the 
fault in the coal mines of the area. 
horsts and grabens with the cutoff and repetition of the Fox Hills Sandstone. 
the faults, beds are folded into anticlines and synclines. Colton and Lowrie (1973) 
report that the faults dip steeply to the northwest. 

The information concerning the location and attitude o f  the 

Relative movement of fault planes has formed 
Between 

These northeast-trending faults are thought to be related to the Laramide 
orogeny and are considered by Spencer'(Ig6l) as a possible continuation of thc Ralston 
shear zone. Recent basement Qaps also infet the presence of a buried structure jn 
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the Precambrian crystaly'se basement (Zietz and Kirby, 1972; Behrendt avd Bajwa, 
1972). A different interpretation (Blume, 1974) is that the faults are not a reflec- 
tion of corresponding faults in the basement complex, but are related to the folding 
of the sedimentary rocks around the buried basement structure. During thc formation 
of the Denver Basin in the Laramide orogeny, the presence of this basement structure 
regiired adjustment of sedimentary rocks caused by compressive fcrces. 
COU?~ have resulted in the formation of the fault blocks found in the area. Folds 
ob,erved within the block may he a type of drag fold. 

This adjustment 

The faults have no geomorphic expression and there is no evidence to indicate 
that. any of the faults has been active in Quaternary time. 

Eggleston Fault - The northwest-trending Eggleston Reservoir fault has been 
mapped by Spencer (1961) just to the north of the Plant site, and projected through 
the northeast corner of the site by Hurr (1976). 
was checked for evidence of Quaternary fault displacement along the fault. 
outcrop ?attern of the Fox Hills Sandstone indicates the presence of the fault in 
bedrock at the reservoir; however, there is no evidence to indicate any post-Wisconsin 
movement of the fault. 
capped by gravel deposits. 
Flats Alluvium, is pre-Wisconsin in age based on criteria that are used to differen- 
tiate surficial deposits in the Front Range area, such as soil profile development 
and stratigraphic succession (Malde, 1955; and Scott, 1965). The terrace surfaces 
north and south of the reservoir are smooth and concordant and do not show any topo- 
graphic expression of the existence of an underlying fault. 

The area around Eggleston Reservoir 
The 

The right abutment of th2 Eggleston Dam is a pediment remnant 
This gravel deposit, although younger than the Rocky 

Hurr  (1976) reported evidence for a northwest-trending fault across t\e north- 
east corner of the site (Figures 2.3.4-4). The fault was shown by Hurr to be a 
continuation of the Eggleston fault, although the strike differs from that shown by 
Spencer (1961). 
line and two apparent offsets in the Cretaceous sedimentary rock underlying the Rocky 
Flats Alluvium (see Figures 2.3.4-6 and 2.3.4-7). A field check of the fault indicated 
that the inferred fault has no geomorphic expression and there is. no apparent dis- 
placement or tilting of the pediment and overlying Rocky Flats Alluvium. 
fault does exist, it has not been active since the Rocky Flats Alluvium was deposited. 
The Eggleston fault and the possible southward projection will be :tudied a.id results 
of this investigation discussed in detail in the Plant SAR. 

durr infers the fault's presence on the basis of an offset spring 

I f  the 

Valmont Fault - The Valmont fault is described by Scott (1970) as displacing 
Quaternary deposits. The fault is exposed in a roadcu' east of Boulder in the south- 
east corner of the intersecLion of 75th Avenue and V:Irnrmt Road in Section 2 4 ,  TlN, 
R70W. The location is approximately 10 miles (16 km) north of the site. Displace- 
ment on the fault was vertical, with about 5 feet (1.5 m) of displacement. It dis- 
placed Slocum alluvium of Illinoian or Sangamon age (approximately 250,000 years 
B.P.) on the south, downward against Fcx Hill sandstone on the north. The fault 

1 
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trends N50°E and parallels the early-Tertiary Valmont dike (Scott, 1970). 
cannot be traced either east or west of the roadcut, and it is not associated with 
any of the bedrock faults in the area, as mapped by Colton and Lowrie (1973). 

The fault 

The Slocum AlluvAum has been dated JS 200,000 to 250.000 rears old, which serves 
as the maximum age of faulting. The minimum age of faulting cannot be determined in 
an absolute sense, but geomorphic evidence indicates that the fault i s  pre-Wisconsin. 
A soil profile has developed on the surface across the fault with the gravels in the 
alluvium strongly weathered. A heavy concentration of caliche has developed in the C 
horizon of the soil profile, which indicates a *soil of pre-Wisconsin age (Baker, 
1973). There is no surface expression of the fault. Based on this evidence, the 
Valmont fault is considered pre-Wisconsin in age and at least 150,000 years old. 

Other Possiblc Faults - Hurr (1976) shows a short northeast-trending fault in a 
Cut along the Denver and Rio Grande Western Railroad, approximately 1.5 miles (2 .5  
km) south of the site (see Figure 2 . 3 . 4 - 4 ) .  The fault is shown to displace Verdos 
Alluvium, which is approximately 600.000 to 100,000 years old. A careful field check 
of the area indicatp: that the apparent displacement might be a channel contact and 
not a fault. Evidence which suggests a channel contact includes the lack of deforma- 
tion at the contact and the lack of any geomorphic expression of the feature. The 
feature will be investigated and the findings discussed in more detail in the Plant 
SAR. 

Ackerman (1974) discussed a possible 30-foot (9 m) step in the contact between 
the Rocky Flats Alluvium and the underlying bedrock, just north of Rocky Flats Lake 
(see Figure 2 . 3 . 4 - 4 ) .  Ackermm suggests that the down-to-the-east step might be 
fault related. 
data. Dsvis (1976), using deep seismic reflecthadata, did not see any evidence for . 
a fault at this location. 

The step is based on the interpretation of shallow seismic refraction 

Remote sensing imagery interpretation by EGM;, Inc., for the Rocky Flats Facility 
identified a series of northwest-trending phoio linearnents in the vicinity of the 
site. ,The location of thcse lineaments is mown in the EGM; report (see Appendix 
C-1). Severil types of aerial photographic imagery were used in the lineament anal- 
ysis: ( 1 )  color negative film with scales of 1:14,000, 1:35,000 and 1:38,000; ( 2 )  
four-camera multispectral photography with scales of 1:19,500 and 1:39,000; and (3) 
infrarid thermcl mapping with a high-altitude long-wave-length scan, a low-altitude 
long-wave-length scan, and a multispectral multiscan. 

Lineaments were defined from the photographs by topographic features such 3s 

stream orientations and continuity of tributary stream alignments across main drain- 
ages. Field investigations were conducted to verify these and other suspected fault- 
related features. Some evidence of faulting in the Arapahoe Formation was found. A 
seismic reflection survey conducted by Davis (1976) indicated no appreciable displace- 
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ments in rock formations at depths exceeding 600 feet (180 m) below the ground 
surface. This survey indicates that a major fault or  shear zone is not associated 
with the lineaments. The significance of these lineaments to surfacn rupture at the 
site will be studied and the results discussed in grea:er dttail in the Safety Analysis 
Report for the Rocky Flats Plant site. 

2.3.4.7 Historical Seismicity 

Historically, Colorado has been an area of relatively low seismic activity. 
Figure 2.3.4-8 shows historical earthquakes t'rat have occurred within 200 miles (320 
km) of the Rocky Flats Plant site. With the exception of the Derby eaathquakes 
located northeast of Denver, most of the historical seismjcity has occurred within 
the Southern Rocky Mountain Tectonic Province (see Figure 2.3.6-3). As a result of 
public comment on the DEIS, the relationship of the Derby earthquakes to the Rocky 
Mountain Arsenal deep well injection of wastewater has been clarified in this section. 

The first reported earthquake in Lhe state occurred in 1870. With the possible 
exception of an earthquake in 1882 (Modified Mercalli VII), there have been no large 
damaging earthquakes in the State of Colorado, according to historical records (Hadsell, 
1968). Because of the absence of destructive earthquakes, very little instrumentation 
and research effort had been expended on .adying Colorado seisuicity until 1962, 
when a seiies of perceptible earthquakes occurred at the Rocky Hountain Arsenal 
(MI. These earthquakes have been variously cal?ed Denver earthquakes, the Derby 
earthquakes o r ,  the Commerce City earthquakes. 
the seismicity of Colorado is based on instrumentation and research resulting from 
the Derby earthquakes. 
of the Golden fault southwest of the site. However, the location accuracy of the 
microearthquakes i t  poor and it is not possible to relate them to a specific geologic 
structure (Osterwald et al., 1973). 

Much of the present day knowledge of 

Soze microearthquakd activity has been recorded in the vicinity 

History of Seismographic otations in Colorado 

The first seisrographic station in Colorado was installed in 1909 at Regis 
College in north Denver by Father Armand W. Forstall. Trie records obtained were not 
suitable for determining earthquake magnitude or location, but were a useful source 
of information on earthquake origin times and t o  verify other sources of data, such 
as felt reports. 

From 1954 to 1959, the University of Colorado operated a three-component Benioff 
seismograph in Boulder, Colorado, as part of a general geophysical program. These 
reco-ds are the primdry source of instrumental informatior! on earthquakes prior to 
1961 (Krivoy and Lane, 1C66). 

L 
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Since December 1961, the Colorado School of Mines has operated a three-component 
This Benioff seismograph at the Cecil H. Green Observatory in Bergen Park, Colorado. 

instrument is capable o f  detecting earthquakes with Richter magnitudes of one and 
greater in north Denver, which is the area of the Derby earthquake series. 
station has provided much of the seismological instrumental data for the state since 
1961. 

This 

In January 1966, the U.S. Geological Survey established a dense network of 
seismographic stations in the vicinity of the Rocky Mountain Arsenal (north Denver 
area) to obtain acccrate hypocentral lqcations of the earthquakes that had been 
occurring in the vicinity since 1962. Initially this network was monitored for six 
hours each day as a field operation, but by 1968, a continucus monitored system had 
been established. The sensitivity of the seismographic network made it possible to 
locate earthquakes to within +1 km accuracy in the vicinity of RMA and to detect 
events irith magnitudes as low as -1. This network was later abolished after the 
frequency of the Derby earthquakes diminished. 

With the increase of interest in earthquaKe activity in Colorado that resulted 
from the seismic activity at the RMA, the necessity for a state-wide seismographic 
network capable of locating earthquakes anywhere in the state was realized; 
quently. in 1571 the Colorado School o f  Mines, in conjunction with the National 
Oceanic and Atmospheri: Administration ( N O M ; ,  installed a network o f  s i x  short- 
period SeismograDhic stations at various locations throughout the state. 
map of epicentral locations for 1971, using data from this network, has been published 
by the Colorado School of Mines (Simon, 1972). 

conse- 

A partial 

Regional Seismicity Catalog and Epicentral Plot 

The historical seismicity within a 200-mile (320 km) radius of the Rocky Flacs 
Plant site is shown on Figure 2.3.4-8 and is included in Table 2.3.4-1 as a catalog. 
Reported earthquakes from 1870 through 1977 are included if their size is such that 
(1) the local Richter magnitude is equal to or greister than approximately 3.5 and ( 2 )  
the maximum intensity is Modified Mercalli 111 or greater. In addition, if the event 
lis reported in a published source, but without an assigned magnitude or maximum 
'intensity, it is included. Each catalog listing includes data, origin time in M T  
(Greenwich Mean Time), location in latitude and longitude, focal depth, maximum 
intensity (Modified Mercalli) or magnilude, distance to the Plant site, quality of 
lccation determination. data source, and comments. 

The earthquakes are plotted on Figure 2.3.4-8 according to their instrumentally 
Earthquake locations based on determined location or location of maximum intensity. 

maximum intensities are shown as diamonds. Instrumental locations are shown AS 
octagons. The size of the symbol increases with reported magnitude or with the 
assigned maximum intensity. 
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SIGNIFICANT EARTHQUAKES 
(in 

Xorth 
Date Locality Latitude 

Der. 1870 Pueblo 38.5 
Nov. 1871 Georgetown 39.7 
Sept. 1880 Aspen 39.3 
Nov. 1882 Louisville(?) 40. O? 
Nov. 1882 Gunnison 38.6 
Oct. 1888 Rosita 38.1 
Jan. 1889 Clenwood Springs 39.5 
Dec. 1891 Axial Basin 40.5 
Aug 1894 Georgetown 39.7 
!far. 1895 Steamboat Springs 40.5 
Nov. 1901 Bucna Vista 38.8 
Ncv. 1913 Ouray 38.2 
Oct. 1916 Boulder 40.0 
Apr. 1928 Creede 37.8 
Feb. 1941 Aspen 39.3 
Aug. 1944 Hontrosz 38.5 
Sept. 194L Mt. Gunnison 38.8 
Aug. 1952 Esterbrook, Wyo. 42.5 
1952 Hedicine Bow, b o .  41.9 106.2 
Jan. 1954 
Jan. 
Jan. 
Feb. 
Feb , 
nay 
Aug . 
Nov . 
Jan. 
Jan. 
Aug . 
Dec. 
Oct. 
Oct. 
Jan. 
Feb. 
June 
Dec. 
DeC. 
Jaa. 
Apr. 
Apr . 
June 
July 
July 
Nov . 
dug. 
Sep t . 
Jan. 
leb . 
leb . 
h r .  
Apr. 
W Y  
June 
July 

1954 
1954 
1954 
1955 
1955 
I955 
1955 
1956 
1957 
1956 
1959 
1960 
1960 
1962 
1962 
1962 
1962 
1962 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1963 
1964 
1964 
1965 
1965 
1965 
1965 
1965 
1965 
1965 
1965 

Boslcr, Wyo. 41.5 
Jelm, Wyo. 41.1 
Alcova, Wyo. 42.6 
Rangely 40.0 
Steamboat Springs 40.5 
Medicine Bow, W ~ O .  41.9 
Lake City 
Rocky Ford 
Lamar 
Esterbrook, Wyo. 
Jelm, Wyo. 
Foxpark, Wyo. 
Ridgeway 
Aspen 
Non t rose 
Cisarron 
Cosmerce City 
Comerce City 
Commerce City 
Commerce City 
Commerce City 
Commerce City 
Comerce Ctiy 
Sisla 
Comerce City 
Commerce City 
Pueblo 
Dillon 
Wasutter, Wyo. 
Rocky Flats 
Braomfield 
Commerce City 
Commerce City 
Commerce City 
Climax 
Comerce City 
Comerce City 

38.0 
38.2 
37.1) 
42.5 
41.1 
41.1 
38.3 
39.2 
38.4 
38.4 
39.8 
39.8 
39.8 
39.8 
39.9 
39.8 

39.3 
39.8 
39.8 
38.3 
39.7 
41.9 
39.9 
39.9 
39.8 
39.8 
39.8 
39.4 
39.8 
39.8 

39.8 

TABLE 2.3.4-1 

WITHIN 200 MILES OF 'I"€ ROCKY FIATS PLANT* 
chronological order) 

west 
Longitude 

104.0 
105.7 
106.7 
105.0? 
107.0 
105.2 
107.3 
1C8.0 
105.7 
107.1 
106.2 
107.7? 
105.0 
107.0 
106.8 
107.9 
107.5 
105.0 
148.1 
105.5 
106.0 
106.7 
108.8 
106.7 
106.2 
107.0 
103.7 
102.6 
105.0 
106.0 
106.2 
107.6 
106.9 
107.8 
107.6 
104.9 
104.9 
104.9 
104.9 
104.8 
104.9 
104.9 
104.0 
104.9 
104.9 
104.6 
106.0 
107.8 
105.3 
105.1 
104.9 
104.9 
104 -9 
106.3 
104.9 
104.5 
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1 Distance 

115.7 
29.6 
89.7 
13.1 
131.3 
123.6 
115.0 
153.9 
29.6 
108.8 
92.3 
178.0 
13.1 
173.8 
94.5 
173.7 
144.3 
180.4 

112.1 
90.3 
199.4 
138.6 
89.7 
148.1 
162.5 
142.0 
195.4 
180.4 
93.4 
98.6 
169.3 
102.5 
173.4 
164.9 
17.3 
17.3 
17.3 
17.3 
21.4 
17.3 
17.3 
76.1 
17.3 
17.3 
114.5 
44.4 
194.2 
5.2 
5.5 
17.3 
17.3 
17.3 
67.6 
17.3 
17.3 

339.7 

2 Azim t h 

145.7 
263.6 
243.4 
55.2 
227.8 
179.9 
257.1 
286.7 
243.6 
293.3 
215.7 
229.8 
55.2 
214.5 
244.9 
237.3 
239.3 
3.3 
IV 

352.1 
332.5 
337.5 
273.4 
298.4 
339.7 
217.1 
144.8 
133.6 
3.3 

333.5 
328.1 
230.3 
242.8 
234.4 
232.1 
111.3 
111.3 
111.3 
111.3 
88.3 
111.3 
111.3 
122.1 
111.3 
111.3 
163.4 
253.0 
316.4 
276.5 

111.3 
111.3 
111.3 
240.3 
111.3 
111.3 

83.9 

3 Intensity 

vr 
IV 
VI 
VI I 
I? 
IV 
V 
VI 
V 
V 
VII? 
V 
I11 
V 
IV 
VI 
VI 
TV Aug. 

V 
1V 
IV 
V 
V 
IV 
VI 
VI 
V 
I11 
IV 
V 
VI 
V 
IV 
V 
V 
V 
V 
IV 
V 
IV 
IV 

V 
I1 
IV 

111 

V 
I1 
V 

IV 
I11 

nagni tude 4 

5.5 

4.b 
4.7 
3.1 
3.6 
3.6 
3.2 
3.2 
3.2 
3.5 . 4.4  
3.7 

1 3.1 
2.8 
4.0 
4.1 
2.0 
4.6 
3.2 
3.1 
3.4 
4.3 
3.1 
3.1 



Date Loca 1 i t y  

July 1965 
Sept. 1065 
SepC. 1965 
Sept. 1965 
Sept. 1965 
Sept. 1965 
Sept. 1965 
Sept. 1965 
lov. 1965 
Ncv. 1965 
Nov. 1965 
Nov. 1965 
Jan. 1966 
Jan. 1966 
Apr. 1966 
Sept. 1956 
Oct. 1966 
Oct. 1966 
Nov. 1966 
Nov. 1966 
Nov. 1966 
Der. 1966 
Jan. 1967 
Jan. 1967 
Feb. 1967 
Apr. 1967 
Apr. 1967 
Apr. 1967 
Apr. 1967 
Apr. 1967 
Apr. 1967 
Apr. 1967 
Aug. 1967 
Aug. 1907 
Nov. 1967 
Nov. 1967 
Nov. 1967 
June 1968 
nay 1969 
Sept. 1969 
Apr. 1.970 
Apr. 19?0 
nay 1970 
Jan. 1971 
nar. 1571 
Aug. :971 
Nov. 1971 
War. 1974 
Jan. 1975 
nar. 1977 
Sept. 1977 

Demer 
Comerre City  
Comerce City 
Comerce City 
Cast le  Rock 
Coarmerce City 
Comerce City 
Comerce City 
Comerce C i t y  
Commerce City 
Comerce City 
Comerce City 
Comerre City 
Comerre City 
Fai rplay 
Ridgeway 
Trinidad 
Castle Rock 
Glenwoo4 Springs 
Comerce City 
Comnerce City 
Aspen 
Somerset 
Ympa 
Cdmerce City 
Ridgeway 
Comercr City 
Comerce City 
Commerce City 
Comercc C i t y  
Comnerce City 
Comercr City 
Comnerce City 
Comerce City 
Comerre C i t y  
Comerce City 
Commerce City 
Reds tone 
Wiggins 
Collbran 
Range ly 
Rar ge 1 y 
Broomf i e l d  
Clenwood Springs 
Steznboat Springs 
Itr i ghton 
Glade Park 
Steamboat Springs 
toma 
Dixon 
Carbondsle 

North 
Latitude 

39.7 
39.8 
39.8 
39.8 
39.5 
39.8 
39.8 
39.8 
39.8 
39.8 
39.9 
30.8 
39.8 
39.8 
39.2 
38.3 
37.4 
39.3 
39.6 
39.8 
39.8 
39.3 
39.0 
40.1 
39.9 

39.9 
39.9 
39.9 
39.9 
39.8 
39.9 
39.8 
39.9 
39.9 
40.0 
39.9 
39.3 
40.4 
39.4 
00.1 
40.1 
39.9 
39.5 
40.7 
39.9 
38.9 
40.7 
39.3 
41.2 
39.3 

38.3 

TABLE 2.3.4-1 (continLed) 

West 
b**ngi tude 

104.9 
104.9 
104.8 
104.9 
104.9 
104.9 
104.4 
104.8 
104.9 
104.9 
104.7 
104.3 
104.9 
104.9 
106.0 
107.6 
104.1 
104.6 
107.3 
104.9 
104.9 
106.7 
107.5 
107 .O 
104.8 
107.8 
134.8 
104.R 
104.9 
104.8 
104.9 
104.8 
104.9 
104.7 
104.6 
104.7 
104.7 
107.4 ' 

104.4 
107.9 
108.9 
108.9 
105.1 
107.3 
107.0 
104.8 
108.7 
107.1 
108.6 
107. I 
107.3 

1 Distance 

20.9 
17.3 
22.3 
17.3 
31 .> 
17.3 
:7.3 
22.3 
17.3 
17.3 
26.7 
17.3 
17.3 
17.3 
64.0 

169.3 
182.0 
52.0 

113.5 
17.3 
17.3 

138.4 
98.7 
21.8 

174.9 
24.2 
23.1 
15.6 
22.0 
17.3 
23.1 
17.3 
26.7 
32.1  
27.7 
26.7 

124.3 
53.1 

150.2 
196.6 
196.6 

5.3 
115.6 
109.0 
23.0 

198.0 
113.0 
189.0 
139.0 
119.0 

89.7 

2 Azimuth 

129.2 
111.3 
106.3 
111.3 
149 0 
111.3 
111.3 
106.3 
111.3 
111.3 
88.6 

111.3 
111.3 
111.3 
222.0 
230.3 

160.5 
141.5 
260.5 
111.3 
111.3 
243 4 
243.7 
277.1 

93.4 
232.4 

81.7 
90.1 

84.2 
111.3 
86.5 

111.3 
88.6 
88.8 
74.2 
88.6 

252.0 
52.5 

258.0 
275.1 
275.2 

256.7 
301.6 

98.4 

84.4 

* 
1. Epicentral distance from the Rocky Flats Plant ,  i n  miles. 
2. 
3. Modified H e r c a l l i  Scale .  
4 .  Richter body-wave magnitude. 

Based on revised Blume report (Blume 1974). 

Eqicentral azimuth from the Rocky F l a t s  Plamt, i n  degrees east of north. 

Intensi ty  3 

V 

V 

IV 
V 

I V  
V 

V 
V 
V 

VI 

111 
VI 
111 

VI 
111 
I11 ' 

V 
VI 

4 Hagni t ude 

4.6 
3.8 
4.7 
4.1 
4.8 
3.1 
4.1 
4 .6  
3.5 
4.5  
4.4 
3.8 
3.5  
3.5 
4 .  7 
4.2 
4.6 
3 .0  
3.9 
3.1 
4.3 
3.3 
4.4 
3.8 
4.3 
4.5 
5.1 
4.4 

4.3 
3.8 
4.5 
6.3 
5.3 
3.7 
5.2 
4.4 
3.8 
6.2 
5.3 
4 . 3  
4.1 
4.3 
4.3 
4.4 
3.8 
4.0 
3.5 
3.7 
3.5 
3.0 

t 
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Data Sources and Location Accuracy - The accuracy of earthquake locations and 
the completeness of the historical catalog are significantly related to the time 
period in which the earthquakes occurred. In the last 100 years, there has been a 
tremendous increase in the population of Colorado, as well as significant advances in 
the science of seisr logy. The ability to locate earthquakes, based on felt reports, 
has improved consi&rably with the increasing population distribution. 
of seismographic stations and implementation of the digital computer has greatly 
aided in locating earthquakes instrumentally in Colorado and the surrc -ding region. 

Installation 

Prior to the early lW's, earthquake ?ocations were based primarily on felt 
reports from published newspaper accounts and other historical documents (Hadsell, 
1968). 
on the locations of the maximum reported intensity. Because population size and 
distribution are such critical factors in reporting of intensities, and since the 
population of Colorado and neighboring states in the 1800's and early 1900's was 
relatively small and unevenly distributed, pre-instrumental earthquake locations may 
contain errors up :o ~ 3 0  miles (50 km). The princip?l data sources for the pre- 
instrumental locations are Hadsell (1968) and Docekal (1970). The sizes of the pre- 
instrumental earthquakes, expressed as maximum intensity, alsc may be inaccurate 
because of the limited and unevenly distributed popula.ion and because of possible 
distortion of felt reports in newspaper accounts of the day. 

These pre-instrumental earthquakes were assigned geographic locations based 

Altholigh the first seismograph was installed in Colorado and the Rocky Flats 
region in 1909, instrumentally determined earthquake locations were not possible 
until 1962 when a sufficient number of seismographic stacions were in operation 
(Hadsrll, 1968). The source for the instrumental locations listed in Table 2.3.4-1 
is the N O M  Earthquake Data File, which is a compilation of other swrces. A minimum 
location accuracy for such locations is estimated to be 9-12 mi?es (15-20 km) at a 
detection level magnitude 3 .0  to 3.5. 

Colorado Earthquake of November 1882 

A great deal of speculation has centered around the location, size, and felt 
arda of the 1882 earthquake. 
event is that of Hadsell (1968), in which an epicentral intensity of VI1 is assigned 
to a region north of Denver near latitude 40°N and longitude 105*W, based on reports 
o f  the earthquake as published by newspapers in November 1882. 

The most dtfinitivl reference on this particular seismic 

This postulated location is approximately 7 miles (11 km) north of the Rocky 
Mountain Arsenal and could be as close as 13 miles (21 km) to Rocky Flats. Earlier 
studies Qf the seismicity of Colorado had located this earthquake epicenter in Vail 
Pass, about 100 miles (160 h) west of the location given by Hadsell (1968). n e  
Vail Pass location had been made without infomation that was available to Hadsell; 
the location north of Denver can be substantiated with recently available information. 
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Crude estimdtes o f  tkc mnl;;:itu&e of t h i s  scisriiic c!\'ctnt Lvrt-  macle using relation- 
s h i p s  between non-instrunicntal dat;., wtich inclutlt. (q>ictv~tral  intensity and c i r c u l a r  
f e l t  a rea ,  and instruinenta1:y tkterniinrti iil'igni tut1e.s for  (:~iIurado cart  hquakrs from 
1962 to 1967 (Hadsell ,  1968).  The est intated KichttAr niagni tudtrs o f  the 1882 earthquake 
from these relationships i s  5 . 0  + 0 . 5  u s i n g  c.picc.ntr;tI i n t c . n s i t y .  .ind 6 . 7  + 0.6 using 
c i r c u l a r  f e l t  area. This dixrepiincy prub,ibly rt.f I c c c t  5 t h f .  unrc .1  iabi  l i  t y  of f e l t  
reports (Hadsell, 1968). Howevt*r. b<tse.d o n  . I  c r i t  ic.11 t.x:tititn;it i o n  ( i f  nc~wspnper 
accounts oi the 1882 earthquake, i t  i s  t c . 1 1  t h i i t  the. ir i . ignitutlv of' t h i s  v w n t  was 

approximately 5+ (H,idsel 1, 1968). ' lht  I I . I I I L ~ ~ C ~  rt.port s for I hi. I X W  c.nrthqunke ns 

given i n  local  newspapers, are s i % i  l a r  t o  rc-liorts I t i c  the: IJt~rby earthqudkcs of magni- 
tudes 5 t o  5 . 3  that occurred in l Y h 7  i n  ; i ; ~ ~ ) r ~ ~ s i i r ~ i t ~ . l . y  the smne arva. l'hc 1882 earth- 
quake i s  discussnd in gre.iier di . t< i i  I i n  t t w  .john :\. K l t m e  .mi :\ssoc*iiiit*s report 
(1974). This will be iurther invc-stigatc-tl .init t h v  r * . s u l t a  o I  t h i s  stlitly wil l  be 
reported i n  the S a €  t y  Analysis Kc-j~irt l o r  rhc. Pocikp F l ; i l s  I ' l m t .  

Derby Earthquake Se.Gss_ 

The beginning of t h e  Ikrby t ; * i r t  hquakc. sc.c)ti:.nc.t. ~ ~ ~ ~ r r ~ c ~ ~ ~ ~ c i t i c l c ~ t l  t c i  1ht.  i n i t i a t i o n  of 

pumping f lu id  into n deep wc.11 f o r -  w a h t c .  tlisl)(,s.tI ~ W I ~ I I S V S  . i t  i n * *  Ktic.ky Mciuntdin  

Arsenal. A 12,045-foot (36111 a i )  w.11 L , IS  c i r i l l c . * I  i r t  t h , .  Ik.nvi.r ILisrn by the U.S. 

Army; the bottom 190 feet (30 m) was tlri I IC . ( !  i n t i ,  I ~ ~ i ~ ~ ~ ~ t i i i l ~ t ~ i ~ i ~ ~  c.ry.st;i l l  i n r  basemcnt 
rocks. Fluid in jec t ion  under prt'ssurc. i n t i ,  t h i s  w c - l  I Iwg.in ?t.irch X. 1902 and con- 
tinued through Septernlxr 30.  1963. Cr. lv i ty  feed w a s  i r i i t  i . J t r 4  i n  August 196h anti 
continued unti l  April 1Y65 whi.n prc*s:;urc i n j < - c . t  i o n  rt.conimcnrctl. AI 1 t l u i d  in.jcction 
at  the well terminated on Febru,iry 20,  l V h 6 .  I'hv f i r s t  c..rrthqu.ik: 1 0  bo associated 
with the Derby sequence was rccortletl 47 t l i i y s  , i t t t - r  thc .  t ) t . x i n n i n g  of- f I u i d  injection 
in 1962. Including t h i s  f i r s t  Derby E;irthqu;akc on April 2 4 ,  1962 chvrc h;wr been 
1,809 events recorded a t  Bergcn Park throuph J u n r  2 3 .  1972. Prior t o  in.jection 
stoppage, thc largest  event rc*corrlrd w i t s  inct l j in i tudc 3.8, w h i c h  occurrrti Novomber 21,  
1565. In 1967, however, a f t e r  i n j e c t  i t in  c e a w d ,  there wrc' three events of apprc:.i- 
mately magnitude (body-wave) 5 or g rea te r  (.$yril 10, 1 Y h 7 .  Fl = 4.9: August 9, 1967. 
H = 5.3; and November 27, 1967, M = 5.2).  The. eni*rgy ~ ~ , ~ l r a s t ! t l  hy thest  thrce events 
was greater t h a n  :he t o t a l  energy released by ai1 prc.\*irtus events i l  the s e r i e s .  

The first evidence of a correlation between r n r t h q u a k r  ,ictivit,v and f luid i n j e c -  

tion at  the FHA well was presentad by Pan (1963) and Gang (13h5). 
demonstrated a spec t ra l  and temporal relationship betwtvn f luid injyction a t  the RtM 
well and a s e r i e s  of over 700 minor earthquakes. 

Evans (1966) 

Subseclumt investigators (Healy 
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et  a l . ,  1966, Major and Simon, 106G) have corroborated this cQrrelation and postulated 
the theory that the earthquakes were triggered by injection of fluid and involJed a 
mechanism where hydrostatic illcrease in fluid pressure was sufficient to reduce the 
frictional resistance of the crystaliine basement rocks to fracturing. While this 
thex-y has only been parti3lly substantiated by additional investigations, it has 
since become accepted that :>re-existing tectonic stress played a major role iis the 
earthquake generatior: at RMA (Simon, i969) and that a combination of the two facLors, 
pore pressure and tectonic stress, was necessary to produce the Derby Earthquakes. 

Following the onset of perceptible earthquakes at P a ,  thcre have be,.. extensive 

Geophysical studies made prior to the 
etudies of the surficial geology of the Dewer Basin, and its structural geology has 
been inferred from geophysical investigations. 
coastructicn of the well were corro!,ordted by later studies performed in 1966 and 
1967, which indicated tha: there is no surface evidence of recent faulting in the 
vicinity of the IU4-4 (De Voto, 1968). 
drilling yielded evidence o f  fractvring only in the Precambrian crystaliine basement 
rocks . 

Investigation of cores made at the time of 

Earthquake locations, using the high density USGS network discussed earlier, 
outline a roughly ellipsodial zone about 2 miles by 6 miles i3 ki? meters by 10 
kilometers), which iricludes the disposal well. The long axis o f  the zone trends 
N60°W, and local depths of earthquakes range from 2 . 8  to 3 . 4  miles (4.5 to 5.5 km). 
The first motion of compressional wave arrivals is consistent with righr-lateral 
strike slip motion along fault surfaces that are steeply dipping and parallel to the 
trend of the zone of epicenters (Healy and others, 1966). 
approach of this zone to the Rocky Flats k : a n t  site is 14 miles (22  km). 

The point of nearest 

2 . 3 . 4 . 8  Geologic ilazards 

Hinor landsliding has occurred along the steep-sided bluffs of the dissecred 
Rocky Flats Alluvium (Van Horn, 1972, 1976; and Simpson, 1973). and is generally 
caused by hydration and lubrication of the montmorillonite clay in the .\rapahoe 
Formation (Hurr, 1976). These slides, which arc small and local in nature, reflect 
mass wasting at the margins of Rocky Flats Alluvial exposures, in response to streain 
entrenchment in the underlyins bedrock. This potential for minor sliding along the 
bluffs around the site is not considered hazardous to the Locky Flats Plant. 
other landslides are present near the Plant site. 

NO 

Aaiuedo and Ivey (1978) show the potential for subsidence hazards in the Louisville 
The only hazard potential identified near the Plant site is associateJ quadrangle. 

with surficial and underground clay and coal mines 1 .5  miles (2.5 km) west of the 
Rocky Flats Plant. Subsidence associated with these Fines is local i n  nature, however, 
and no hazard potential exists for mine-related subsidence at the Plant site. No 
fluid-related subsidence due to oil, gas, or groundwater extraction has been reported 
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in the area. The potential for such subsidence is considered to be low because of 
the paucity of oil wells in the area and the thin veneer of Rocky Flats Alluvium 
overlying bedrock. The alluvium itself is compacted and has sufficient geologic age 
such that no natural subsidence will occur. No subsidence-related hazards are known 
to exist at the Rocky Flats Plant site. 

Activities by man in the Rocky Flats area are limited to building, road, and 
canal constructicn; impoundment of small reservoirs; and excavation of gravel and 
clay pits. None of these activities poses a hazard to the Plant site. Small reser- 
voirs in the site vicinity either lie downstream to the east, are too small, or are 
on drainages which would nct affect the Plant site should failure occur. A possible 
seismic hazard related to man-induced earthquakes at the Rocky Mountain Arsenal was 
discussed earlier. 

2.3.5 Hydrology 

The hydrology of the Rocky Flats Plant site has been described by Hurr (1976). 
This section is a summary of Hurr’s work. Previous investigations of the area include 
reports by John A. Blume & Associates (1974) and Engineering-Science, lnc. (ESI, 
1974). 
which are described in Section 2.3.6, and by the stratigraphy and geologic structures 
in the area which are described in detail in Section 2 . 3 . 4 .  Only aspects pertinent 
to the surface and groundwater hydrology are summarized here. 

The hydrology is affected by rainfall patterns and other aspects of climate, 

The top of the impermeable Pierre Shale (late Cretaceous age) is approximately 
1,000 feet (300 m) below the Plant, and is considered by tiurx (1976) to be the base 
of the hydrologic system which could be affected by operations 8t the Rocky Flats 
Plant site. Three bedrock formations are important to the hydrology o f  the study 
site: the Fox Hill Sandstone and the lower Laramie Formation, which are at 600 to 
800 feet ( 1 8 5  to 250 m) below the Plant, and the Arapahoe Formation, which directly 
underlies the surficial deposits at the Plant site (Figure 2 . 3 . 4 - 6 ) .  

x 
Surficial deposits a t  the Rocky Flats Plant that are important to the hydrology 

are terrace alluvium and valley-fill and are generally less than 50-feet (15 m) 
thick. The Rocky Flats Alluvium, which underlies the Plant, dominates the topography 
and hydrology of the Plant area. The Rocky Flats Alluvium is a broad, planar deposit 
which, in this area, is a thin alluvial fan deposited downslope from the mouth of 
Coal Creek Canyon. Where the base of the Rocky Flats Allu\*ium has been exposed by 
erosion, contact springs are common. The next-to-youngest Quaternary deposits are 
the Verdos and Slocum Alluviums. These formations are of little hydrologic impor- 
tance, except south o f  Leyden, where contact springs at the base of the Verdos Allu- 
v i L >  have provided a municipal water supply for Leyden. ‘ 

! 
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2.3.5.1 Surface Water Hydrology 

The surface water system crossing the Plant site supplies water to two reser- 
voirs used for municipal water supply and recharges aquifers user! for domestic water 
supply. Consequently, the accidental release of a contaminasc into the surface water 
system could affect both surface 
2.3.9-3). 

Streams 

Five streams occur near the 

and groundwater qudity. (See Figures 2.3 .9-2  and 

Rocky Flats Plant site. Of these, North Walnut 
Creek, South Walnut Creek, and Woman Creek drain the .:ocky Flats Plant site; all of 
these are ephemeral. The other two streems in the area are Coal Creek and Rock 
Creek. North Walnut Creek and South Walnut Creek head west of the Plant and flow 
eastward into Great Western Reservoir. 
city of Broomfield. Woman Creek also originates west of the Plant, drains the south 
portion of the Rocky Flats Plant site, and flows eastward into Standley Lake. Standley 
Lake provides irrigation storage and the municipal water supply for the city of 
Westminster. Coal Creek has its headwater in the Front Range and is the largest 
stream near the Plant. Coal Creek and Rock Creek drain the area north of the Plant. 
The Rocky Flats site drainage pattern and location of streams is shown in Figure 
2.3.9.2. 

Great Western Reservoir supplies water to the 

Six ditches convey water through the area. The South Boulder Diversion Canal 
carries water southward from South Boulder Creek (north of the Plant site) to Ralston 
Reservoir, which supplies water to the city of Denver. The water supply for the 
Rocky Flats Plant is obtained from South Boulder Diversion Canal and Ralston Reser- 
voir. The Last Chance, Church, McKay, and Kinnear Ditch and Reservoir Company ditches 
divert water from Coal Creek. The Last Chance Ditch delivers water to Rocky Flats 
Lake and Twin Lakes. 
Smart Ditch. The Church Ditch supplies water to Upper Church Lake and Great Western 
Reservoir; McKay Ditch supplies water to Great Western Reservoir; and Kinnear Ditch 
and Reservoir Company Ditch supplies water to Standley Lake. 

Outflow from Rocky Flats Lake is transported out of thc area by 

Precipitation 

Precipitation, principally from rainfall and to a lesser extent from snowmelt, 
produces surface runoff in the Rocky Flats area. 
by Hurr near the Plant site. 
Woman Creek basins, during 14-minute increments for selected storms are shom in 
Hurr's report (1976). The maximum rainfall intensity for the storms shown was approx- 
imately 0.6 inch (15.2 nun) per hour during May 6, 1973. Rainfall intensities for the 
other storms range from less than 0.1 inch (2 .5  mm) per hour to about 0.5 inch (12.7 
mm) per hour. 

Three rainfall gauges were operated 
Graphs of cumulative precipitation on Walnut Creek and 
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Daily precipitation totals for the Wornan Creek, North Walnut Creek, and Rocky 
Flats precipitation stations are documented (Hurr, 1976). 
rainfall at the Walnut and Woman Creek station5 &s insufficient for a frequency 
analysis of rainfall. 
Hurr (1976) for the Rocky Flats Plant from a report by the Denver Regional Council of 
Governments (1972). 

The period of record for 

However, rainfall-recurrence interval data were estimated by 

Stream flaw --__ 
The water that moves through stream-and man-made channels in the Rocky Flats 

Plant site results from direct surface runoff following peri.,ds of rainfall and 
snowmelt, baseflow supplied by seeps and springs, and divers,or.rj and raastewater from 
various man-related activities. 
transmission system for contaminants derived from the Plant ..ite. 

The network of streams and c.ldnnels is a potential 

Stream-gauging stations, established in 1972 on North Wa nut Creek, South Walnut 
Creek, and Woman Creek have measured outflow from the Plant area. These stations 
also have provided data for deriving rainfall-runoff relations and for estimating 
rate of water movement through the network of streams. 
the three gauging stations is provided in Hurr (3976). 
the total and subdivided parts of the three basins are listed by Hurr (1976). 

taily streamflow for each of 
Physical characteristics for 

North Walnut Creek - Until September, 1974, North Walnut Creek drained an area of 
1.24--&=) above the gauging station. The natural streamflow was augmented 
by diversiotls from Coal Creek through Church and McKay ditches. 
constructed in September 1974 from SW1/4 NW1/4, Section 10,  T2S, R70W, to the center 
of Section 2, T2S, RlOW, where it joined a small tributary to Walnut Creek that 
enters downstream from the gauging station. In effect, this ditch intercepts all of 
the flow from the western part of the basin, iwluding the Coal Creek diversion, and 
diverts the flow around the gauging station. The remaining part of the basin has a 
combined d.ainage area of  0.W mi2 (2.18 h2). 
regulate flow at the gauging station. Two of these on-ch.=-.nel reservoirs were con- 
structed during 1974; the other was constructed prior to 1972. 

South Walnut Creek - The total drainage area of South Walnut Creek above the gauging 
station is 0 . 4 6  mi2 (1.19 b2). The eastern sub-basin drains the north-central part 
o f  the Plant area and has a drainage area of 0.21 mi2 ( 0 . 5 4  h2). 
four on-channel retention reservoirs 

A new ditch wzs 

Three on-channel reservoirs presently 

I 

This sub-basin has 

Prior to late 1974,  effluent from the Plant's laundry and sanitary sewage disposal 
system was discharged into South Walnut Creek. This discharge, which averaged 6.8 
million gallons (25.7 Hegaliters) per month during 1971-73, resulted in continuous 
flow in South Walnut Creek and Walnut Creek below the mouth of South Walnur. Creek. 
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Since late 1971, the practice has been to keep all process wastewater on the Plant 
site and discharge it by evaporation. 
Walnut Creek after complete testing to verify effluent quality and compliance with 
applicable standards. 

Sanitary waste effluent is released into South 

Woman Creek - Prior to July 1973, the area south 0: tLe Plant that was drained by 
Woman Creek above the gauging station was 2.10 mi2 (5.44 h2). In July 1973, the 
gauging station was moved upstream from the on-channel retention reservoir to a site 
where the total drainage area was 1.77 mi2 (4.58 km2;. The natural flow of Woman 
Creek is augmented by diversions from Coal Creek through Kinnear Ditch; this flow is 
conveyed downstream to Standley Lake. Other sources of flow augmentation are leakage 
and spillage from South Boulder Diversion Canal, and seasonal pumping to dewater a 
clay pit. Prior to June 1975, backwash from the Plant's water-supply filter system 
was also discharged into Woman Creek. Groundwater from the south half of the Plant 
may also enter Woman Creek at times. 

On-Channel Reservoirs - The on-channel reservoirs were surveyed in the spring of 1972 
to determine the area and volume (Table:2.3.5-1) of the operating pools. Most of tbe 
dams have been raised since 1972 and the area-volume relationship extended. Two 
additional reservoirs were constructed in 1974 on Walnut Creek. The effect of the 
reservoirs on the daily flows of Woman Creek, Walnut Creek, and South Walnut Creek 
was small before the practice began of storing some Plant outflow on the Plant site. 
The reservoirs were usually full so that inflow and outflow were nearly equal. The 
most significart effect was the timing and height of peak flows resulting from storms 

Number 
A- 1 
A- 2 
A-3 

/ , 

B- 1 
u-2 
B-3 
B-4 

c- 1 -- 

TABLE 2.3.5-1 
VOLUME OF PLANT RESERVOIRS 

Drainage 
North Walnut Creek 
North Walnut Creek 
North Walnut Creek 

South Walnut Creek 
South Walnut Creek 
South Walnut Creek 
South Walnut Creek 

Woman Creek 
East Landfill 

Retained Storage 
(gallons) (acre-feet ) 
1,640,000 5.03 
6,670,000 20.47 
14,110,000 43.30 

795,000 2.44 
1,930,000 5.92 
935,000 2.87 
598,000 1.84 

2,057,000 6.14 
3,555,000 10.90 
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Groundwater in the Rocky Flats Alluvium is recharged by infiltration of water 
frm rain, snowmelt, and surface-water sources. 
Horeland and Horeland (1975, Table 5) reported that infiltration rates in the top 5 
feet (1.5 m) of soil developed OR the Rocky Flats Alluvium range from 0.2 to 6 . 0  inch 

The infiltration rate i s  high. 

Water Budget--Great Western Reservoir - The municipal water supply for part of the 
c i t y  of Broomfield i s  stored in Great Western Reservoir. 
the municipal supply was diverted from Clear Creek, and the reaaining percmtage was 
equally dividrd between diversions from Coal Creek and effluent from the Pocky Flats 
Plant. A watJr budget of annual reservoir operation (Table 2.3.5-2) provides an 
estimate of ,let unmeasured inflow to the reservoir. Net inflow is actual inflow 
minus reservoir evaporation and seepage. An estimate of average annual evaporation 
i s  300 to 400 acre-feet per year, based on data extrapolated from Ralston Reservoir 
by Hurr (D. B. Adams, oral communication, 1975). 
outflow; however, seepage is estimated to be 50 acre-feet per year. 
net annual inflow was 2,797 acre-feet. 
acrz-feet of seepage loss, the actual inflow was about 3,242 acre-feet. 

An estimated 50 to 75% of 

There are no measurements of seepage 
In FY 1975, the 

Assuming 397 acre-feet of evaporation and 48 

TABLE 2.3.5-2 
ESTIMATED FY 1975 WATER BALANCE FOR GREAT WESTERN RESERVOIR 

lnflow 
3 Acre - - feet Gallons x 10 

Walnut Creek 406 132 , 315 

HcKay Ditch 300 97,770 
General Runoff 740 241,166 
Lower Church 
Ditch - 1804 587 , 924 

TrJtal 3250 1,059,175 

Outflow 
Acre- 
-- feet Gallons x 10 3 

City of Broomfield 2308 752,177 
Evaporation 300 97 , 770 
Release to Creek 

Seepage 642 209,228 
and 

__. 

3250 1,059,175 

1.3 .5 .2  Groundwater Hydrology 

Groundwater aquifers at the Rocky Flats Plant site are the Rocky Flats Alluvium, 

Discharge 
Valley-Fill, Arapahoe Formation, and Laramie-Fox Hills aquifers. 
rainfall, snowmelt, and percolation from streams, ditches, and r.-servoirs. 
i s  by seeps, springs, base flow to the streams, and evapotranspiration. Groundwater 
also leaves the Rocky Flats Plant site as subsuri'ace flow. 

Recharge is from 

Rocky Flats Alluvium Aquifer 
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(5  to 150 mm) per hour. Branson and others (1964, Table 2 )  reported that infiltration 
rates for stony soil on the Rocky Flats Alluvium range from 3.90 to 7.35 inches (99 
to 187 mm) per hour. 

The water table in the Rocky Flats AlIuvium rises in response to recharge during 
the spring and declines when recharge eases during the remainder of the year. The 
hydrograph (Hurr, 1976) shows that, overall, the water table declined from April 1974 
to March 1975. Recharge caused the water table to rise from March to June 1975. 
after which the water table began to decline. Recharge from precipitation caused the 
rise in water level in October and Ncwember. A few of the numerous sharp peaks on 
the hydrograph were caused by natural recharge, but most arc due to recharge from 
irrigation of a small plot of trees. 

The water-level changes caused by irrigation indicate that the effective poro- 
sity of the alluvium is about 0 . 1 0 .  Water levels respond to irrigation within 2 to 4 
hours when the water level is 10 t o  20 feet ( 3  to b m) below land surface. Thus, 
water percolates through the alluvium at about 5 feet (1.5 m )  per hour. If the 
infiltration rate is 0.5 feet (0.15 m) per hour, then the effective porosity of the 
alluvium is 0.10. 

Groundwater in the Rocky Flats Alluvium flows generally eastward; movement is 
largely controlled by the topography of the bedrock. The direction of grounfl.>ater 
movement is perpendicular to the water table contours. Hydraulic conuuctivity of the 
alluvium is estimated to be about 35 feet (10.7 m )  per day. The hydraulic gradient 
ranges from 0 . 0 2  to 0.05. Assuming an effective porosity of O. !o ,  the pore velocity 
ranges from 7 to 18 feet (2.1 to 5.5 m) per day. 

Groundwater flow in the Rocky Flats area is controlled by buried channels in the 
bedrock wherc the alluvium is thickest. Areas where the water table is below the 
base of the alluvium are outside the boundary of saturated alluvium (Hurr, 1976). 
The boundary moves as the water table varies in response to seasonal changes in 
recharge. 

'Seeps and springs, supplied by groundwater in the alluvium, issue from the 
alluvium-bedrock contact along the sides of valleys in the area. Frequently the 
location of seeps are marked by changes in tho indigenous vegetatian. Various types 
of grasses, which have a high demand for water and wilt quickly when the supply is 
restricted, are found at springs and seeps. During spring and early summer, \,hen 
groundwater discharge is greatest, the grasses are lush and vigorous in contrast to 
the semiarid vegetation of adjacent areas. Later in the season, as the groukidwater 
discharge decreases, the grasses wilt and turn yellow while the semiarid ve2etation 
continues to thrive because of greater tolerance to water deficiency. Seepage that 
is not evapotranspired by the plants either contributes to the base;low of the 
streams or recharges the Valley-Fill Alluvium. 
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Groundt.a:t.r in the a1 luvium (Pie-Piney Creek, Piney Creek, and post-Piney Creek 
alluvium) dicing tht. botlom of the valleys in the Rocky Flats Plant area is recharged 
by precipit,it ion. prrcoI.rt ion trom streams during period of surface-water runoff, and 
by seeps and springs discharging from the Rocky Flats Alluvium. Discharge from this 
Valley-Fi 11 AI lu\,iuni 1 5  by ev=ipotranspiration and by seepage into other geologic 
format ions .tnd : w m s .  The direct ion of groundwater flow generally is along the 
coursc: o t  t h c  s t r ~ m ~ .  buring periods of high surface-water flow, water i s  lost to 

bank storage in tht. allu~~ium dnd returns to the stream after runoff subsides. 

The i ' ~ i l l e y - F i 1 1  hlluvium is usually better sorted than the Rocky Flats Alluvium 
and thc*rcforc. 1 5  I I I I I I Y  perinc.iblc. pore velocity is estimated to range from 15 to 25 
feet (4.6 10 7.6 m )  per d ~ y ,  depending on the hjdraulic gradient. The deposits in 
the st ream t.hannt.1 ,ire usual Iy very coarse and very permeable. Pore velocities in 
the ch.iniic.1 deptisit s m.iy be sevcral hundred feet per day. 

The niovc*nit.nt ot groundw<ater into and out o f  the Valley-Fill Alluvium varies 
along tht- I ~ n g ~ h  c ) t  the ~ * . . i l l e p s .  In the upper reaches of the valleys where the 
\'aIley-i'iIl I S  untlt~rI.tiri bv the Rocky t ' l a t s  Alluvium. water mwes from the Valley- 
Fill Aluviuni t o  t h v  Rocky F l d t s  Alluvium. Groundwater discharge to streams does not 
occur i n  the upp ' r  rt+.icht*s o f  the valleys. Downstream. where the valley bottom is 
belot. the  brisc 01 t h t .  Ko<-ky F l a t s  Alluviuid, water moves from the Rocky Flats Alluvium 
t o  thc Y.11 :c.y-F11 1 ; groundwatcr flows from the Valley-Fill aquifers to the streams. 
Kherr the \ . . i l lc -y5  h,ivt. twen cut into bedrock, water moves from the streams into the 
Vdllcy-Fi I I .end I h t - n  rc.ch.irgc*s the underlying bedrock formation. 

Croundt..itt,t. disthdrge by evapotranspiration occurs throughout the valleys. From 
July to Scptrnibcr 1974, streamflow in Woman Creek was observed to fluctuate diurnal- 
ly (Hurr, 1976); the r.ingc was 0 . 2 5  to 0 . 5 0  ft /s (0 .007  to 0.014 m / s ) .  The fluctua- 
tions were crius~d by diurnal changes in evapotranspiration. Downstream from the 
point of obscrvdtion, Woman Creek ceased to flow entirely because of stream flow 
losses to thc Vdllvy-Fill Alluvium and the suosequent ev-3otranspiration and recharge 
to the bedrock form~tion. 

3 3 

/--I 

The Arapahoe Formation is recharged by leakage from streams and groundwater 
movement from the overlying alluvial deposits. The main recharge area is under the 
Rocky Flats Alluvium, west of the Plant area, although some recharge from the Valley- 
Fill occurs along the stream valleys north and south of the Rocky Flats Plant. 
Recharge is greatest during the spring and early summer when rainfall ard stream flow 
are the greatest and water levels in the Rocky Flats Alluvium are highest. 
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Gromdwater movement in the Arapahoe Formation is down dip to the east. Hydrau- 
lic conductivity is estimated to be about 0 . 3  to 0.4 feet (0.09 to 0.12 m) per day 
(Wilson, 1965) and the hydraulic gradient is aboat 0 . 0 3 .  Assuming an effective 
porosity of 0.10 to 0.15, the pore velocity is about 0.1 feet (0.03 m) per day. 
Although there are a few seeps along the sides of some valleys where the Arapahoe 
Formation crops out, most of the groundwater flows eastward. out of the area. 

The effect of faulting on groundwater movement in the Arapahoe Formation is not 
known. The Eggleston fault (see Section 2.3.4.6) may extend into the Rocky Flats 
Plant site from the north. Drag along the fault plane could reduce permeability and 
impede the movement of groundwater through the Arapahoe Formation to the northeast. 

Laramie-Fox Hills Aquifer 

The lower sandstone unit of the Laramie Formation and the Fox Hills Sandstone 
are collectively called the Laramie-Fox Hills aquifer. The steeply dipping beds of 
the aquifer crop out west of the Rocky Flats Plant and quickly flatten toward the 
east. Recharge to the aquifer occurs along the rather limited outcrop area exposed 
to surface-water flow and leakage from overlying alluvium. 

Within t:ie Rocky Flats Plant site, groundwater movement is to the east or south- 
east. To the north near Harshail, faulting has disrupted the Laramie-Fox Hills 
aquifer to the e*.tent that regional patterns cf flow are greatly altered. In the 
southern part of the area, in the vicinity o f  Leydc,i, flow patterns are disrupted by 
the underground gas-storage operations of the Public Service Company of Colorads. 

The Laramie-Fox Hills aquifer and the Arapahoe Formation aquifer are separated 
by several hundred feet of relatively impermeable shale (the upper unit of the Lara- 
mie Formation); consequently, there is little, if any, hydraulic connection between 
the two aquifers. Furthermore, the recharge area for the Laramie-Fox Hills aquifer 
is considerably west of the Rocky Flats Plant. Therefore, Plant operations, as 
currently practiced, should have little or no effect on the taramie-Fox Hills aquifer. 

2 . 3 . 5 . 3  Material Movement in the Hydrologic System 

Infiltrating Groundwater 

The distribution of chemical constituents that enter the hydrologic environment 
will be controlled largely by existing hydrogeologic conditions. 
rainfall carries soluble constituents downward in the soil. Particulate matter 
cannot travel more than a few inches into the soil zone because of adsorpt*on on the 
soil particles. Possible infiltration is monitored in a series of hydrological test 
wells. 
program has been expanded. 

Infiltration from 

As a result of public comment, the discussion of the test well mmitoring 

I 

I 
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Dissolved constituents that enter the soil may sorb on clay particles, undergo 
ion exchange, precipitate when evaporation of the soil moisture occurs, precipitate 
by chemical reaction, or move to the saturated zone. 
and ion exchange by elution will not only cause the rate of solute transport to be 
different from the rate of water movement, but also will cause differential movement 
of the coastituents, depending on their relative participatien in the chemical reac- 
tions and physical processes. 
effectively trapped in the upper part of the soil zone. 
material) may be moved into the saturated zone. The total travel time to move material 
through the soil to the saturated zone.could range from hours tu months, depending cz 
local precipitation, infiltration conditions, soil type, and the chemical reactions 
aad physical processes that ocrur. Precipitates deposited by chemical reaction, in 
most cases, probably will not be mobilized by subsequent infiltration from rainfall. 
The chemical environment that caused precipitation probably would not be changed by 
the additional infiltration. 
characteristics, however, could change the chemical environment enough to allow 
dissolution and subsequent migration. 

The sorption-desorption process 

If sorption is high, some chemical constituents may be 
Precipitates (insoluble 

Infiltration by water of greatly different chemical 

Dissolved constituents in the saturated zone are subject to the same processes 
just described for the unsaturated zone, except that the concentration of dissolved 
material would be lower. Movement of dissolved constituents in the saturated zone 
generally follows groundwater flow, although dispersion can be important. Diffusion 
has minimal effect on the transport of dissolved constituents in the alluvial de- 
posits of the study area. 

Plutonium and americium, being relatively insoluble and in particulate form, 
migrate at an extremely slow rate (Krey, i374) through the soil and are retained in 
sediments of ponds and streams (Section 2.3.9.4), (bSEPA, 1975). Although the water 
of the Arapahoe Formation is recharged through surficial alluvium and through infil- 
tration by the creeks north and south of the Plant, there is no evidence that plvtonium 
or arneiicium travel beyond the first 30 crn from the surface. lnfiltration into the 
Arapahoe Formation by particulates, especially plutonium, is therefore not to be 
expected. Monitoring of 35 shallow test wells (10-50 ft) indicates that plutonium 

I has not moved into the groundwatw neai the surface, and extensive monitoring at 
greater depths therefore is not necessary. I 

Well water in hydrologic tesc holes fs monitored by Rocky l’lats, and measurements 
have been made in shallow and deeper wells in the site vicinity. Several shallow 
wells about 20 feet deep were drilled in 1960 to monitor for possible movement of 
materials from the solar evaporation ponds. Another series of shallow wells, about 
30 fcct deep, was. drilled in 197i to monitor for movement of plutonium from the A-, 
B- and C-series ponds. 
1974 to monitor the constituents of groundwater throughout the Rocky Flats area. 

An even more extensive series of shallow wells was drilled in 
All 
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of these dells are used to monitor water in the shallow Rocky Flats Alluvium, which 
is directly charged at a high rate from surface-water infiltration. In addition to 
these shallow wells, three deeper wells (about 150 feet deep) were drilled in 1966. 
One of these wells connects to the Rocky Flats Alluvium to the west of the Plant and 
the other two into the Arapaho? formation to the east of the Plant. The Arapahoe 
formaticn is connected almost directly to the Rocky Flats Alluvium. No on-site wells 
have been drilled into the decper Laramie-Fox Hills Aquifer, which does not appear to 

be connected with groundwater in the Rocky Flats site area. 

Samples taken from the wells do not indicate movement of plutonium into the 
groundwater. 
alpha activity. These concentrations are significantly below the Radioactivity 
Concentration Guide (ERDA Manual Chapter 0 5 2 4 )  level of 1667 pCi/l for p1utor.ium in 
water, and the EPA Interim Drinking Water Standard of 15 pCi/l alpha, exc1ud:ng 
natural uranium. Less than 5 out of  more than 100 measurements over a 10-year sapling 
period, including two a: a well into the Arapahoe Formation east o f  the solar ponds, 
show levels of 2 or  3 pCi/l. Readings above 1 pCi/l have been caused by contamination 
of the water samples from sources external to groundwater movement. Improved sampling 
procedures, more frequent collections, and well-head seals have shown these data to 
be anomalous. Americium readings in the well water have been approximately equal to 
the plutonium readings. 

Most of these samples show plutonium content below I pCi/l of plutonium 

To determine if there is any plutonium in off-site groundwater, Rocky Flats has 
had water samples collected from seven existing off-site wells near the Rocky Flats 
Plant. 
principal off-site groundwater supply aquifer. All of the well samples showed some 
evidence of plutonium, but the amount was essentially constant and showed no correla- 
tion with whether the wells were downslope or upslope from the Plant. The measured 
plutonium levels were approximately 0 . 0 2  pCi/l and apparently resulted entirely from 
background plutonium. 
available to off-site personnel has been affected in any way by Rocky Flats opera- 
tions. 
like those around Rocky Flats have indicated that the plutonium is tightly held in 
the soil and moves downward very slowly (see Section 2 . 9 . 3 ) .  

These wells are drilled into the Laramie-Fox Hills aquifer, which is the 

Thus, there is no evidence that the general groundwater 

This is not surprising since most measurements of plutonium mobility in soils 

The hydrologic test wells were drilled to various depths from 10 to 550 feet 
into the Rocky Flats Alluvium and in some cases into the underlying Arapahoe Formation. 
The wells are cased with 6-inch-diameter iron or plastic pipe. 
perforated throughout the bottom 10 feet in each well. The wells are cemented at the 
top to prevent percolation of surface runoff down the side of the casing. 
the wells are provided with tight fitting covers. 
fitting hinged lids which are now sealed with plastic covers. 
led to contamination of the well from surface materials; this resulted in the anomalous 
data mentioned above. 

The well casing is 

Host of 
The few exceptions had loosely 

The loose-fitting lids 
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Runoff and Stream Flow 

Runoff from precipitation may transport dissolved constituents and particulate 
matter into the streams where the rate of transport will br. controlled by flow 
velocity and channel characteristics. Dissolved constituents and particles that are 
small enough to be transported in suspension will move at about the same velocity as 
the stream flow, although there will be some dispersion effects. Coarse particles 
that are moved as bedload will move much slower than the water. 
be deposited in the stream bed as stream flow recedes, and will not be moved again 
until the next high flow. In some instances, particles--even small particles--will 
not be remobilized by a flow velocity that previously transported them, because the 
flow must exceed some threshold value to scour the particles off the channel bottom. 
Overall, the time required for dissolved and suspended material to travel a given 
distance along a stream is longer than the time required for water to travel the same 
distance. 
Hurr (1976). 

Large particles will 

This is due to the ripple-and-pool nature of the streams, as explained in 

Erosion and Sedimpntation 

The rate of erosion and transport of soil and rock generally is low. The highest 
rate occurs in April, May, and June, when stream flow is greatest. Instantaneous 
point samples of suspended-sediment concentration on Woman Creek indicate highest 
suspended-sediment concentration occurs during periods of high flow (Hurr, 1976). 
Maximum suspended-sediment discharge during high flow is estimated to be about 75 to 

3 100 tons (68 to 90 metric tons) Der day. Using a specific volume of 15 ft3 ( 0 . 4 2  m ) 

per ton, the sdspended-sediment load indicates a maximum removal during high flow o t  
from 0.006 to 0.008 mm of sediment per day from the land-surface area of Lhe drainage 
basin. 

Sediment transported by Walnut Creek and its tributaries accumulates in Great 
Western Reservoir. A survey and determination made in October 1953 of the ptage- 
capacity relation for the reservoir defined zero capacity at zero stage (altitude of 
5,844 feet (1,781.3 m) above mean sea level). Another survey, in September 1973, by 
the U.S. Geological Survey, showed that sediment accumulation had raised the stage 
height of zero capacity to 17.5 feet (5.3 m) (altitude of 5,861.5 feet (1,786.6 m) 
above the mean sea level). Although a direct measure of the volume of sediment 
accumulated daring the 20-year period could not be made because of discrepancies in 
the initial capacity data, it is estimated that 200 to 300 acre-feet (250,000 to 
370,000 m ) of sediment accueulated in the reservoir. This volume of sediment indi- 
cates an average removal rate of about 0.003 mm of sediment per day from the drainage 
basin over the 20-year period. The Walnut Creek sediment load per unit area is quite 
s i m i l a r  to the observed sediment load of Woman Creek. 

3 
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2.3.6 Heteorology 

/- 

Regional and local climatological characteristics and diffusion nitteorology are 
disclrssed in this section. The discussions are based on available data from local 
weather stations. Some climatological and diffusion data are being accumulated on 
the Plant site with the aid o f  a meteorological data-collection tower and telemetry 
rys t em. 

2.3.6.1 Regional Climatology 

Long-term regional climatology data were obtained from four Natianal Oceanic and 
Atmospheric Administration (NOAA) stations: Denver, Fort Collins, Greeley, and 
Boulder. The climatological summaries for these four stations, presented in Tables 
2.3.6-1 through 2.3.6-4, illustrate the seasonal and severe weather conditions in the 
north-central part of Colorado. In general, the region experiences a mild, sunny, 
semi-arid climate with few temperature extremes. 

Thunderstorms, from which damaging local weather can develop (tornadoes, hail, 
high winds, and flooding), occur about 50 days per year in the area, based on Staple- 
ton International Airport data. The maximum frequency of thunderstorms is in the 
summer season because of convective heating. The maximum recorded point rainfalls 
for durations of 5 minutes to 24 hours at Denver are given in Tatle 2.3.6-5 (!!SVB, 
1963). 

Because of the inland location, hurricanes do not reach the area. Localized 
hurricane-force chinook winds, however, gusting to velocities of approximately 105 
mph, have been recorded at the Rocky Flats Plant on four occhsions: March 1956, 
January 1959, January 1972, and November 1972. Wind gusts of up to  150 mph have been 
recorded at the National Center for Atmospheric Research (NCAR). approximately 7 
miles north-northwest of the Plant. The NCAR facility is located immediately adjacent 
to the foothills south of Boulder, Colorado, and is therefore subject to muc5 higher 
wind velocities then the Rocky Flats Plant, which is approximately 2 miles east of 
these steep slopes. 

’ A tornado study by H. E. Pautz (1969) shows that of all tornadoes occurring 
during the 13-year period of the study, 2% were in Colorado. 
that, during the same period, only five tornadoes were reported in the 1 degree 
longitude by 1 degree latitude square that contains the Rocky Flats Plant. Other 
studies indicate that, on the average, tornadoes observed near the Rocky Mountains 
are smaller and contain less energy than those occurring farther east. For these 
reasons, discussed more extensively below, it appears that there is a low probability 
of a tornado occurring at the Rocky Flats Plant and, correspondingly, a low probabili- 
ty of damage. 

The study also shows 
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TABLE 2.3.6-5 
tlAXlF?UM RECORDED POINT RAINFALL 

AT DENVER, COLORADO 
(1876-1961, Updated through 1975) 

Amount 
Dura t ion -- (inches ) Date 

5 min. 
10 min. 
15 min. 
30 min. 

1 hr 
2 hrs 
3 hrs 
6 hrs 
12 hrs 
24 hrs 

0.91 
1.36 

*l. 57 
*1.99 
2.20 
2.54 
2.72 
2.91 
3.90 
6.53 

7/14/1912 
7/14/1912 

97/25/1965 
*7/25/1965 
8/2 3/192 1 
8/23/ 1921 
8/23/192 1 
8/23/1921 
8/2 31'1921 
5/2 1/187 6 

*Updated values from L.. Crow, a consulting meteorologist. 

A report entitled "Development of a Design Basis Tornado for the Rocky Flats 
Site, Colorado" (McDonald and Minor, 1972) addresses the probability of tornndo 
occurrence at Rocky Flats. On the basis of this report and the statistical records, 
it is concluded that if a tornado were to occur at Rocky Fiats, it would not have the 
extreme intensity associated with tornadoes of the Midwest for several re3sons. 
First, thunderstorms build up west of and over the Contihiatat Divide of the Rocky 
Mountains and also along a line ranging from 50 to 100 miles east uf the Divide. 
Between these two areas, convective activity is usually suppressed because of downward 
air movement along the east slope of the mountains. Severe tornadoes are associated 
with "rotating thunderstorms,fv which usually require at least an hour to develop from 
convection cells. During this time, a thunderstorm will drift downwind an appreciable 
distance --probably 40 to 50 miles. Thus, thunderstorm development is inhibited in 
the region immediately east of the mountains (where the Rocky Flats Plant is located), 

full tornadic intensity while still near the mountains. 
I and those that do form under the normal westerly winds do not have time to develop 
I 

Secondly, the moisture available to serve thunderstorms east of the Rockies 
comes primarily from the Gulf of Mexico, and travels in the lower layers of the 
atmosphere. Increases in terrain elevation reduces proportionately the amount of 
this moisture arid the energy stored as latent heat. The net effect is that there is 
considerably less latent-heat energy available to Colorado tornadic storms than to 
ones at lower elevations farther east and southeast. 

,- 
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Thiruly, from investigations by Thom (1963). it appears that the paths of torna- 
does that do occur in Colorado, particulazly those adjacent to the mountains, are 
shorter and narrower than those of the Midwest. Therefore, if 300-mph winds are 
assumed characteristic of the most severe tornadoes of the Midwest, i t  appears that 
an upper limit of 200 mph is more appropriate for Colorado tornadoes. According to  

historical records, there apparently are no cases of tornadic winds in excess of 200 
mph in the region immediately east of the Rocky Mountains. 

2.3.6.2 Local Climatology 

The elevation at which the Plant is sited and the slopes of the Kocky Mountains 
near the Plant modify the regional climate and influence dispersion characteristics. 

Figure 2.3.6-1 dtpicts the monthly mean wind velocities for 1976, peak gusts for 
1976, and the 24-year average of peak gusts. As shown in the figure. the average 
wind velocities are moderate in comparison with the peak gusts. ‘The 24-year average 
for mean wind velocity was 8.24 mph. 

Winds at Rocky Flats, although variable, are predominantly westerly, with stronger 
winds occurring during winter. Figure 2.3.6-2 shows the wind direction, frequency, 
and average velocity for each direction, as recorded for 1976. Over a 17-year period 
(1953 to 1970). west winds occurred 25% of the time; over 5096 of the binds had a 
westerly component. The stronger gusts (greater than 40 mph) also were from the 
west. 

Stapleton International Airport shows the most frequent wind directions as  being 
from the south and southwest. 
merges with air that has passed ever Denver and moves to the northeast. The Svuth 
Platte River valley, about 20 miles east of the R o c q  Flats Plant, is the terrain 
feature along which this transition from westerly to northerly flow approaches comple- 
tion. 

In general, air that has passed over Kocky Flats 

Temperature extremes recorded at the Rocky Flats Plant have ranged from 102 OF 
on July 12, 1971 to -26 OF on January 12, 1963. The 24-year average maximum tempera- 
ture was 76 OF, the average minimum was 22 OF, and the average annual mean was 49.6 
OF. Figures 2.3.6-3, 2.3.6-4, and 2.3.6-5 display the monthly variations in mean. 
maximum, and minimum temperatures. A plot of heating degree days, shoring a 1976 
cumulative total of 6,269 degree days, is given in FigurL 2.3.6-6. 

The relative hnmidity for the past 23 years averaged 46%, which also was the 
average for 1976 The 23-year record is 60%. in 1960. Figure 2.3.6-7 shows the 
average monthly relative humidities for 1076 and for the past 23 years. Figures for 
monthly and annual average relative humidity as a function o f  time of day for a 

Denver weather station were chon previously in Table 2.3.6-1. 
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Annual average precipitation at the Rocky Flats Plant is slightly over 15 inches. 

The greatest amount in any one day was 3.40 inches in Hey 1969. 
The maximum yearly precipitation recorded over a 24-year period was 24.87 inches in 
1969 (Table 2.3.6-6). 
Normally, more than 80% of the precipita'ion falls from April through September. 
Figure 2.3.6-8 shows the monthly and total precipitation for 1976, p l u s  the 24-year 
cuaculative average. Heavy runoff sometimes occurs, particularly during thunderstorms 
and spring thaws, along the creeks that traverse the Plant sice. 
beds are considerably lower than the Plant buildings, and the terrain provides excel- 
lent drainage, major flooding of Plant facilities is considered practically impossible. 

Since the stream 

TABLE 2.3.6-6 
ANNUAL RAINFALL AT THE ROCKY FLATS ? U T  

(inches) 

Year -. Rainfall Year - Rain f a 1 1 

1953 11.26 1965 18.87 
1954 7.76 1966 i o .  24 
1955 14.77 1967 22.54 
1956 13.42 1968 12.71 
1957 22.67 1969 24.67 
1958 
1959 

18.07 
19.65 

1970 18.56 
1971 14.30 

1960 13.72 i972 14.78 
1961 16.08 1973 21.55 
1962 8.26 1974 13.73 
1963 12.23 1975 12.22 
1964 8.79 1976 13.51 

2.3.6.3 Diffusion Meteorology 

The dispersive characteristics of the atmosphere are functions of horizontal and 
vertical air movement and of mixing between and within air masses. These chardcter- 
istics are defined in terms of wind speed and direction, and thermal (temperature) 
gradients, which are further categorized into hydrostatic stability classifications. 
The most commonly used classification system is that o f  Pasquill (Pasquill, 1961) in 
which the dispersion parameters are separated into six  stability categories (see 
Table 2.3.6-7). 

I 

I 

i 
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TABLE'2.3.6-7 
CLASSIFICATION OF ATMOSPHERIC STABILITY 

Temperature Change 
with Height (OC/lOO m) 

Stability Pasquill *0* 
Classification Categories (degrees) 
Extremely unstable A 
Hoderately unstable B 
Slightly unstable C 
Neutral D 
Slightly stable E 
Hodera te ly stable F 

25.0 
20.0 
15.0 
10.0 
5.0 
2.5 

>-1.9 
-1.9 to -1.7 
-1.7 to -1.5 
-1.5 to -0.5 
-0 .5  to  1.5 
1.5 to 4.0 

*Standard deviation of-h%rizontal wind direction fluctuation over a period of 15 
minutes to 1 hour. The values are averages for each stability classification. 

Technical description and data are contained in Appendix B-1; however, to 
convey the physical meaning of Pasquill's Stabilitv Classes A through F, drawings 
depicting the outline of a plume during each stability condition are presented in 
Figure 2.3.6-9. Most noteworthy is the amount of vertical undulation in the plume. 
In Type A diffusion (extremely unstable) during a bright sunny day with light winds 
o f  variable direction,. large convective motions in the atmosphere cause a relatively 
rapid dispersion of the effluent downward through a large volume of the atmosphere. 
In Type F diffusion (moderately stable), which usually occurs at night when wind 
direction is steady, there is almost no vertical motion and no vertical expansion of 
the plume. Wind meander causes t h e  little dispersion that does take place. 

Diffusion meteorology for the Rocky Flats Plant site is based on five years of 
hourly observations (1960-1964) at Stapleton International Airport (USDC, April 
19751, five years (1970-1974) of observations every three hours at Stapleton Interna- 
tional Airport (USDC, July 19751, and on hourly observations during three years 
(1972-1974) at the Rocky Flats Plant (Crow, 1974). 
distributions of wind speed and direction for sixteen 22.5-degree sectors, five wind- 
speed groups, and six Pasquill stability classes. 
present the data for Denver and Rocky Flats, respectively, as determined by Crow 
(1974). 
mining the stability category from ordinary surface-weather observations. 

The data include joint frequency 

Tables i V  and V of Appendix B-1 

The information is based on a method developed by Turner (1969) for deter- 

Evaluation of these data shows a relatively high incidence of stable (Types E 
and F) and neutral (Type D) conditions. 
to 40% of the time at both Denver and Rocky Flats, with an associated average wind 
speed of 3 to 4 meters psr second. Type D category occurs 40% to 50% of the time at 
both locations, with an associated average wind speed of 5 to 7 meters per second. 
These data also show that winds are predominately from the west over Rocky Flats and 
from the south and south-qouthwest over Deriver. 

Type E and F stability categories occur 30 

'. 
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PASQUILL "A" STABILITY: LOOPING P L U M E  PASCUILL "0" STABILITY: CONING PLUME 

ACTUAL TEMP 
PROFtL E 

PASQUILL "a" STABILITY: PASOUILL "E" STABILITY: 

ACTUAI. TEMP 
PROF/L E 

ADIABATIC LQPSE RATE 

COrlDlTIONS: h y t i w  Snsolation; strong to mod. 

00: 20.08 

PASOUILL "C"STABILITY: CONING PLUME 

ACTUAL TEMP ---- 
-I- 

4OtA%ATld.LAPS€ RATE 

STAB1LI:Y: Sltghtly unrtable 

U C D  SPEED: le i s  than fF/sec mixture mecha@ical 6 
cmvectfve tur bulcnce 

COIIDiIIONS: Oaytime insolation; md.-rtrong 

0s: 15.0" 

CONO1T'ONS: Eight tine. moderatt outgoing radiation 

00: 5.0. 

PASOUILL "F" STABILITY: 
ACTUAL TEMP 

' Y Y  ADIABATIC P- LAPSE R A T E  

SIMILITY: Hodcrstcly <tbL:e 

W l i  S'ITD: Lc5iraTly ICs\ tt:m 3~{sff 

Ci:213rTICKS: rl%glbt!i@- radiation; rtrarg outgoing rddiatior 

C6: 2.5. 

Figure 2.3.6-9 Plume Behavior at  Various Pasquill Stability Classes 
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The diffusion parameters are used to determine the appropriate diffusion category 
and wind speed to apply to short-term (instantaneous) airborne effluent releases 
(thus determining the relative short-term concentration) and to calculate the annual, 
average, ground-level, relative concentrations as a function of sector and distance 
from the Plant. The short-term relative concentrations are used to estimate accident 
doses, and the annual, average, relative concentrations are used to estimate normal 
operating doses from radioactive emissions as a function of sector and distance from 
the Plant. 

For assessing environmental impact,,it is reasonable to choose "expected" or 
average conditions as accident evaluation bases. 
meter-per-second wind speed were chosen to represent expected conditions during 
short-term airiorne effluent releases. These choices, although not worst-case, were 
conservative since (1) these stable conditions occur somewhat less than 50% of the 
tiffie and (2) the Plant site constitutes an elevated source term for the high population 
densities which are at. lower elevations than the Plant. The nearest downwind fenceline 
for the Plant site is approximately 3 km away from and 100 m below the level at which 
a hypothetical release from an accident could occur. For such an elevated source the 
Pasquill Type E conditions give a higher concentration at a distance of 3 km than 
would the use of a more stable weather class. 
were determined on the basis of the on-site data shown in tables of Appendix B-2. 

Pasquill Type E diffusion and a 3.0 

Annual, average dispersion parameters 

A completp explanation of the methods used to determine diffusion coefficients, 
the assumptians used, and results of the calculations €or each of the sixteen 22 .5 -  
degree sectors at distances from 100 meters to approximately 80,000 meters (50 
miles) are presented in Appendix B. 

2.3.7 Material Mavement and Wind Erosion 

Material movement by wind transport, presented here in response to public comment 
on the DEIS, is severely limited by existent vegetative cover. Estimates by the Soil 
Conservation Service during 1978, indicate virtua1:y no wind erosion is to be antici- 
pated, given the present vegetative cover. Additionally, studies made by off-site 
'researchers (Whicker, 1977 and Caine, 1978) substantiate these estimates. A summary 
of Whicker's work is included as Appendix A-2. Only a small fraction ( ~ 2 % )  of the 
Plant land is bare. These disturbed areas include two clay pits along the wesiern 
site boundary; and a gravel pit, sanitaq landfill, and outside storage area ccm- 
pounds, all northwest of the fenced security area. 

I 

Any activities which require disturbance of the soil currently must have the 
approval of the Plant Environmental Scieirces Department. Such activities are (1) . -  
tored for soil contamination, (2) monitored for associated airborne radioactivity, 
(3) not permitted above a certain wind speed, ( 4 )  kept moist to inhibit dust genera- 
tion, and (5) have soil stabilizer applied between periods of disturbance. Also, 
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disturbed areas are revegetated as soon as practicable subsequent to the soii distur- 
bance. 

2.3.8 Background Radioactivitg 

The background radioactivity in the Rocky Flats vicinity comes from natural and 
man-made sources. 
higher than that in the United States as a whole (Klement, et al., 1972; CDH, 1976). 
The somewhat higher natural background is due to the elevation of the area and the 
geologic deposits of naturally radioactive materials such as uranium and thorium. 
The Denver area doses from natural background radiation are listed in Chapter 3, 
Table 3.1.2-6.  

Natural background radiation in the general area is somewhat 

Man-made releases of long-lived radioisotopes have added to the radiation back- 
ground. 
level. Fallout from past nuclear weapons testing has contributed about the same 
background plutonium levels to the Rocky Flats area as in the rest of the United 
States. 
are about 0.00004 x 

and a soil sample depth of 10 centimeters). 
established a value of 0.08 d/m/g €or background plutonium in soil mzasured to a 
depth of 0 . 3  cm (1/8 inch). 
sites more than 100 miles from Rocky Flats. 
1972) discusses the differences in isotopes of Rocky Flats plutonium arrd fallout 
plutonium that allows separation of the two components. 

These contributioas are a small fraction of the natural background radiation 

Plutonium concentrations in the ambient air coming from fallout background 
pCi/m3; plutonium concentration in the soil from weapons 

fallout is about 1.5 x LOe3 pCi/m 2 (0.02 d/m/g, assuming a soil density of 1.5 g/cm 3 
The Colorado Departme,<t of Health has 

This is the average of values for samples taken from 
HASL Report 249 (Krey and Krajewski, 

2.3.9 Plutonium in Soil and Sediment 

In addition to the background radiation discussed above, there is radiation froffi 
past releases of long-lived alpha activity from Rocky Flats. This radiation is 
greater near the Rocky Flats facility clnd drops off quickly with increasing distance 
from the Plant. The past releases have led to some infiltration of the surface 
water, pond sediuentr;, and soil in the vicinity of the Plant. In addition to the 
information prcvided in the DEIS, a description of soil sampling methods used by 
various agencies has been added to this impact statement as Section 2.3.9.3. 

2.3.9.1 Source of Plutonium in Soil 

Concentrations of plutonium in soil around Rocky Flats have been estimated by 
the Colorado Department of Health. DOE'S Environmental Measurements Laboratory, 
formerly ERDA's Health and Safety Laboratorv, the Plant's prime contractor, and by a 

private organization called the Colorado Committee for Environmental Information 
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(CCEI). In general, ffieasurements made Lq the differ*:nt groups have shown similar 
results for scrface plutonium levels (Krey and Hardy, 1970; Krey and Rrajewski, 1972; 
Hartell and Poet, 1972; and Dow, 19725. 

Krey and others, (1976) (hereafter referred to as the W L  data) indicate :hat 
releases from :*est operations have mounted to about 11 curies of plutonium, about 
9% of ghich was ieakage from steel drums containing contaminated cutticg oil during 
1959 to 1969. Some uranium was also present in the oil. This estimate was made by 
coffiparing the coTputer progra and isopleth data (Figure 2.3.9-1) and includes pluto- 
niwn effectively dispersed t:, infir,iry. The HASL data suggest thst o f  the 11 Ci, 8.6 
C i  are on site. O f  the amount off site, the HASL data indicate that about 1.5 Ci are 
included in the area above 0.003 pCi/m2, which extends up to about 5 miles from the 
r',ant bwindary. About 1.9 Ci are spread at distances far from the Plant at levels 
equal co or below the level of plutonium from fallout (0.0015 pCi/m ). Of the Eotal 
8.6 Ci included on-site, the HASL data estimate that about 1.7 Ci are included in the 
area that was covered with asphalt (Krey, et. al., 1976) See Figure 2.2.2-2. 

2 

l i  

The HASL estimate of the total amortnt of plutoniuia dispersed kjr the oil leaks 
(11 Ci) is higher than the estimate o f  the total amount of plutonium available to be 
dispersed. 
5,000 gal of oil that leaked from the barrels contaiqed 86 g ,  or 6.3 Ci, of plutonium. 
The Rocky Flats estimates of the mount af pluto,iium actually dispersed beyorid the 
area covered by the asphalt pad also are lcwer thr; the HASL estimates. This appears 
primarily due to the use of different sampling depchs by HASL and Rocky Flats personnel. 
The HASL data indicate that the sampling depth needs to be about 10 centimeters ( 4  
inches) to ensure that 90% of the total plutonium is sampled. The Rocky Flats esL:'- 
mates included the total amount dispersed out 20 cnly the 0.013-pCi/m2 isopleth, and 
thus do not represent the total amount dispersed. 

The potential amount was estimated by Rocky Flats on the basis that the 

Harrell and poet contend that the plutonium is contained almost wholly within 
the upper centimeter o r  two of undisturbed soil. 
cm, was intended to provide an estimate of the total inventory, including any plutonium 
found at depths greater than 2 cm. 
bvtion of plutonium is complicated by the presence Df fallout plutonium, which must 
be separated from the Rocky Flats plutonium, and by the difficulty in assuring that 
soil samples are in "undisturbed areas." For the purposes of this ElS, however, it 
i s  assumed that the HASL total inventory samples are representative end thus the 
larger estimates of plutsnium dispersal made by HASL will be used. 

HASL data, takcn as a depth of 20 

An unambiguous determination of the depth distri- 

The work o f  Hartell and Poet, based on 1-cm ( 0 . 4  in,) samples, does not suggest 
2 greater plutonium inventories within the 0.003-pCi/m 

2 do suggest that the total inventory from the oil spill beyond the 0.003-pCi/m 
contours is 4 Ci o f  plutonium (in comparison to the 1.5 Ci estimated by HASL). 
estimation of the total invcntory in the region of low ccncentrations depends almost 

contour, but Hartell and Poet 

The 
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Figure 2.3.9-1 Plutonium-239 Contours Around Rocky Flats (pCi/m 2 ) 
(adapted from Krey. 1970) 
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entirely upon extrapolations of concentrations and concentration gradients from areas 
of higher concentration. since it would require prohibitive amounts of sampling to 
determine low-level isopleths at great distances. Martell and Poet do not indicate 
how their estimate was made. The HASL estimates were made on the basis of consid- 
erable work to determine appropriate extrapolation factors that best fit the data; it 
is probably the best estimate available. 
out this Statement to assess impact. It should be noted, however, that soil sampling 
both on and off site is an ongoing process, with greater accuracy in results being 
derived as improved technology and more sophisticated equipment become available. 
The Rocky Flats contractor collects over 53 samples annually from alternate 500-foot 
sections of a grid in the Plant’s exclusion area. The geometry of all samples is 

The HASL estimates will thus be used through- 

.f 

\ 
. -  

carefully controlled by driving a 10- by 10-cm ( 4 -  by 4-in.) cutting tool 5 cm ( 2  
in.) into undisturbed soil, then excavating the soil contained within the tool c a v i t y .  
The soil-analysis program through 1977 also includes the annual collection of samples 
from 18 degrees of arc on three circles having 1-, 2 - ,  and 5-mi radii concentric with 
the center of the Plant. 
Monitoring Report, 1977). 

The data are reported annually (Annual Fnvironmental 

There has been great interest in removing the plutonium contained in the soil 
under the asphalt pad. For this purpose, budgeting is under consideration for a 
device which will mine the soil from under the pad and separate the plutonium and the 
fine soil particles from the remainder of the soil. The plutonium portion would then 
be sent to disposal or storage, and the large, remaining bulk would be returned to 
the Rocky Flats enviroment. Laboratory experimentation has shown this approach to 
be feasible. Pilot plant work is being planned. 

Martell and Poet suggest the possibility that there are higher plutonium levels 
in areas other than those indicated as being contaminated from the oil leak. This 
might be explained by Eajor releases other than from the oil leak. This possibility 
is disputed by Krey of HASL (Krey, 1974). As measured by on-site monitors, past 
releases from the Rocky Fiats facility from both routine and accidental causes, 
excluding the oil leak, represent only about 1% of the amount released from the oil 
leak. 

Given the number of on-site effluent monitors, it is improbable that releases 
several orders of magnitude above those reported could have occurred without detection. 
Further, data from air samplers on the Plant and in the surrounding vicinity, which 
have been sampling continuously during the Plant’s lifetime, do not suggest any 
major, undetected releases nor do they suggest that the higher levels of resuspended 
material present in the oil-leak area also exist elsewhere. Nevertheless, continued 
environmental monitoriag programs are being conducted, including mapping radiation 
levels by air, which can even further define the radiation background in the Rocky 
Flats area. 
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In addition to the measured plutonium levels in the environment, there is some 
americium-241, which is also an alpha emitter. 
releases fram the Plant in addition to the decay of plutonium-241. which is a beta 
emitter. Hence, to ensure conservatism, an amerrcium-241 value equal to 50% of total 
plutonium alpha activity will be used in estimating future releases. 

This aericium-241 comes from direct 

. 
Plutonium-241 has a relatively short half-life (13 years), so that over a period 

of about 70 years, most of the beta-emitting plutonium-241 wil: have decayed to the 
longer lived americium-241 (half-life of 433 years). Thus, it is possible that the 
total alpha activity in the environment wtll increase over the immediate term. Rocky 
Flats plutonium has Jnly about 0.36% plutonium-241 by weight, which means that the 
ratio of americium alpha activity to plutonium alpha activity cannot increase to more 
than about 0.15. Historically, plutonium-241 weight percentages as high as 0.65 have 
occurred, but even then an activity increase of no more than 25% is possible. At 
present, t h e  total activity of americium-241 is about 10% of the total plutonium 
alpha activity (Martell and Poet, 1972). though the ratio of americium-to-plutonium 
activity varies in different sample media, suggesting different fractionation or 
separation of the two elements jn the environment. The resuspension of plutonium and 
americium in soil is discussed in Section 3.1.2.1. 

2 .3 .9 .2  Standards for Plutonium in SoCl 

/, 
/ 

The only Federal standards now applicable to plutonium in the environment are 
those for the levels of plutonium in air and drinking water: consequently, there are 
no official Federal standards with which tc compare indicated off-site plutonium 
levels in soil. In 1974, the EPA was charged with the responsibility r f  considering 
whether guidelines were needed to proteLt tht health and safety of the public. In 
1977, the EPA released a guidance document in draft form, "Proposed Guidance on Dose 
Lhits for Persons Exposed to Transuranium Elements in the General Environment." The 
guidance provides sereening levels for air (1 fCi/m ) and for soil (0.2 p,"i/m ). 

These screening levels are values which indicate a need for further testing to deter- 
mine whether dose limits are exceeded in ai-eas having uncontrolled access. The EPA 
specifies that the soil testing methud shall be adequate to analyze soil to a one- 
cintimeter depth and having a soil particle size of less than two millimeters. The 
neasured concentration is modified by use of an "enrichment factor," which takes into 
account the contribution of plutonium associated with soil particles in the inhaleable 
size fractions. Extensive da?a taken in areas surrounding the Plant indicate that 
t h e r e  are no areas which have higher concentrations of plutonium in soil than the EPA 
soil screening level. Indeed, the highest concentration is about 35% of the EPA 
limit. Likewise, concentrations of plutonium in air at the Rocky Flats Plant are 
several ordets of magnitude lower than the EPA screening limit for air. 

3 2 

-- 
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The State of Colorado in 1973 adopted the following radiation control regulation: 

"RH4.21 Permissible Levels of Radioactive Material in Uncontrolled Areas 

/ ,' 

4.21.1 Plutonium. Contamination of the soil in excess of 2 . 0  disintegrations per 
minute of plutonium per gram of dry soil or square centimeter o f  surface 
area (0.01 microcurie plutonium per square meter) presents a sufficient 
hazard to the public health to require the utilization of special techniques 
of construction upon property so contaminated. 

Evaluation of proposed control techniques shall be available from the 
Department of Health upon request." 

The Colorado State guideline does not ban construction on land containing Pluto- 
2 nium-in-soil concentrations greater than 2 d/m/g (0.01 pCi/m ) ,  but it states that 

any such land might require "special techniqczs of construction." On the basis of 
the State regulations, recent data indicate that about 1,000 acres of land outside of 
the 6,500-acre Plant site may require special measures prior to construction. 
data were obtained from sixty soil samples collected and analyzed by a DOE contractor. 
Samples collected from plowed ground contained levels of plutonium significantly 
lower than the State guideline. 
that contained plutonium at concentrations greater thar. 2 d/m/g. 
tion of these lands, however, should be made by evaluation o f  grouped samples instedd 
of individual samples for a total inventory approach to hazard evaluation. Such an 
evaluation can be made with median values. The medians for samples typical of the 
Colorado procedure were 2.0 d/m/g for one parcel and 7.0 d/m,'g for another parcel. 
The same lands sampled to a greater depth (5 centimeters versus 0.3 centimeters) 
yielded medians of 0.7 and 1.4 d,'m/g, respectively. The Colorado Department of 
Health has designated as a "general area of concern" w'iich is currently defined as 

the area bounded by Simms Street through Standley Lake on the east; 80th Avenue 
extended to Highway 72, and Highway 72 to Highway 93 on the south; Hi;hway 93 to the 
west; and Highway 128 to the north (see Figure 2.3.9-1). PlutLaium-in-s .il measurements 
have been made at several locations within the State-designated area of concern. One 
of these was in the Walnut Creek Development No. 2 which is about one mile east of 
the eastern Xocky Flats Plant boundary. 
of 0.05 to 0.90 d/m/g, which are all less than the State guideline level. 
measurements were made on soil samples from the Good Financial Corporation property 
just east of Indiana Street and adjacent to the Rocky Flats i-lant's east boundary. 
These measurements indicated plutonium concentrations in the range from 0.0 to 14.1 
d/m/g of soil. Nine of the 21 analyses yields levels greater than the State guideline 
of 2 d/m/g, and the Colorado Department of Health recommended that speciql techniques 
be applied during development of the land. These special techniques may involve 
either deep plowing of the land or removal of the topsoil. 

These 

The remaining 1,000 acres was found to include soil 
Proper characteriza- 

-- _ _ I  

The measurements indicated plutonium levels 
Other 
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The State measurements to which the guideline is related were made using samples 
of the agronomic sojl (i.e., rocks greater than two millimeters diameter were cscluded, 
but the remaining so i l  was not treated to retain only the respirable particles). 

The adoption of the State guideline of 2 d/m/g plutonium in dry soil by the 
Colorado Board of Health was based on three items: (1) a review oE the literature 
showed 'hat the suggested value lias below any available standards or guidelines; ( 2 )  
for soils containing Concentrations of 2 d/m/g plutonium, air sampling results were 
not detel . tabiy above worldwide fallout; ( 3 )  the value provided in the State regulation 
for plutonium in soil would be significantly different Erom worldwide plutonium 
fallout in s o i l .  I t  was determined tbat, by using a factor of ten above the maximum 
worldwide fa1 Icut va lue,  the State would not inadvertently condemn any property that 
might have elevated levels due solely to worldwide fallout. In 1976, three years 
after adoption of the standard, the Colorado Department of Health prepared a dose 
assessment evaluation of the State standard and verified that the State had adopted 
an u!\raconservative stdndard (CDH, 1976) .  

Both the EPA g u i d m c c  and the Colorado regulation are based on evaluation of 
health effects and sstimatcs oE health risk. The models for this evaluation were 
based on work by rescdrchrrs who have investigated the effects of nuclear weapon 
detonatiors in .J<tpan, the effects of radium on radium watch dial painters, the effects 
o f  radiation on patients who received radiation treatments, and the effects of pluto- 
nium on .mima1s. This research has been reviewed, and the models were developed and 
reportc-d by the k i t  ional Academy of Sciences (1972, 1976). 

The actu.tl close c<alculations on which the PPI. guideline and the Colorado regula- 
tion are based m.ike use of an implied resuspension factor, i.e., the ratio between 
the meosured s o i l  content and t.. airborne concentration. Changes in the definition 
of soil concentration values would require a corresponding change in the implied 
resuspension factor, as the actual amount of plutonium in the air cannot be changed 
by arbitrary definitions. Thus, the only valid way to define soil concentrations for 
comparison with the Colorado guideline is through use of the State soil-measurement 
technique upon which thc guideline is based. These measurements included all the 
soil in the samble taken, not just the respirable dust fraction. The Colorado State 
Department of Health. in a i976 paper, concluded that the present State guideline 
"can still be considered to be ultraconservative. Further restriction and conservatism 
by modification of the standard is unwarranted" (CDH, 1976). Similarly, comparison 
of measured soil concentrations with the EPA guideline requires the use of samples 
obtained by use of the EPA sampling parameters. 
similar to those of the Colorado Department of Health. The sampling technique of 
Jefferson County Health Department (JCHD) results in concentrations of plutonium i n  

respirable dust ( a s  defined by JCW). rather than in soil. The dose estimate model 
for the EPA guidance does not apply to the JCHD sampling result; concentrations of 
isotopes in respirable dust cannot be compared with EPA guidance. 

The EFA sampling parameters are 
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The most recent measurements made by the Colorado Department of Health, for the 
Good Financial Corporation and other land developers, were made using the 0 . 3  cm 
(1/8 inch) sample depth as recommended by the State.' This is a shallower depth than 
that routinely used by Rocky Flats personnel, who sample to 2 inches (5 cm) depth. 
Comparison of results has shown reasonable agreement between the two different sampling 
techniques. This suggests fairly uniform concentrations of plutonium in the upper 
few inches of soil. No correlation between soil concentrations and Concentrations of 
isotopes in respirable dust (as defined by JCHD) has been shown. Models have not 
been published that would relate JCHD concentrations to airborne concentrations and 
quantities of isotopes that are inhaled. 

Several investigators have proposed standards: Healy (1974). 2 .25  pCi/m2; 
Anspaugh, et al. (1974), 6 to 200 pCJm2; Kathren (1968), 0 . 0 4  pCi/m2 for urban areas 
ta 4 pCi/m for rural areas. This research is referenced in the background material 
providing basis for the EPA standard (EPA, 1977). 

2 

The studies of C. Johnson and others (1976) have assumed the impact of a standard 
within Jefferson County only, inasmuch as decisions of the Jefferson County Commis- 
sioners have been based on the recommendations of Dr. Johnson, Director of Jefferson 
County Health Department. Dr. Johnson's work does not recognize the efficacy of 
health data accumulated by the earlier researchers (National Academy of Sciences, 
1972, 1976). There is no health model associated with the sampling of Jefferson 
County Health Department, which measures concentrations of plutmium in respirable 
dust, rather than in soil. The measurement is not accepted by the EPA as an appropri- 
ate means of evaluacing soil concentrations for comparison with the EPA standard 
because the models representing transport from the soil to the body include factors 
for expected resuspension, respirability, and body retention. The models are therefore 
not appropriatt to concentrations in so-called respirable dust (EFA, 1978). 

2.3.9.3 Soil Sampling 

'\ 

/' / .  

The purpose of soil sampling programs can gefierally be related to one or more 
specific objectives. These are as follows: (1) aeposit invtntories, ( 2 )  agricultural 
availability, (3) resuspension availability, and ( 4 )  distribution of contaminant. 
Use of soil measurements to estimate area inventories or effects requires the selection 
of a statistically sufficient number o f  representative sites, with the density of the 
sites depending on the accuracy sought and the slope of the concentration gradients. 

The most useful measure of the Concentration of deposited material in soil is 
related to the amount of radioactivity per unit area. 
done in such a way so that the weight of the material collected can be directly 
related to the area sampled and that the depth of the sample is known. The measure- 
ments on a weighed aliquot of the sample can then be related to area concentration. 

Sampling should therefore be 

,A' 
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The amount of radioactivity per gram of soil is frequently reported. 
converted to concentrations per unit area unless additional volume-related informa- 
tion is also rzported. 

It cannot be 

I f  an accumulation of deposits ovrr a period of time is to be estimated, the 
area to be sampled slould be undisturbed for at least that same time interval. A 
second criterion, that of representativeness of the sample site, depends on the 
environment and the meteorological and climatological factors for the area. A third 
criterion, that the deposited material remain in place, generally requires that the 
area should have living vegetation. Well-developed, grassy areas are well suited to 
sample collection. 

It is desirable to sample a relatively large area to obtain the most representa- 
tite sample possiDle. Various procedures require collecting between five and twenty- 
five cores or subsamp?es to make up the desired area, with sufficient samplc material 
for procwssing and an *is. 

For total inventory estimates,,it i s  necessary to sample all or most of the 
deposited material, which Peans sampling to the necessary depth. 
i t  is  best to collect a few preliminary soil profiles to determine the depth of 
penetrhtion of the material sought. It is usually adequate to select a depth contain- 
ing 90 to 95% of the total. 
depths of 19 to 20 cm. 

If it is possible, 

In the Hocky Flats area, this amounts to sampling to 

To evaluate the agricultural availability of a contaminant, it is not necessary 
to measure the total rnat8;rial deposited but only that amount in the root zone of the 
crop o f  interest in the study. In most cases this would be the depth of the cultivated 
zone. The availability of a contaminant to a plant is rarely 100%. This may mean 
that the analyses may be conducted on partial extracts af the soil rather than on 
complete disolutions o f  the total so i l  sample. 

Following an acute release of  a contaminant, surface-soil sampling soon after 
the event can be used to define the distribution pattern. This would require sampling 
only the top 5 cm of soil, including the vegetation. Experience has indicated that 
attempts to sample a shallower depth result in less reproducible results. 

The most important facet of soil-sample collection is proper definition of 

mission and objectives. The objective describes the overall result desired and the 
mission sets the quality or acceptability of the result. The mission should address 
such factors as (1) the intrinsic variability of the medium to be sampled, ( 2 )  the 
required accuracy and the number of replicates necessary to provide adequate precision, 
(3) the choice of procedure needed to minimize cross-contamination, and ( 4 )  the cost 
of sampling, sample preparation, and analysis. 
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Soil-sampling activities at Rocky Flats have been used to evaluate accidental 
and/or long-term operational releases of radionuclides. The procedures used have 
varied considerably, depending on the organization and objectives. 
are discussed in the following pages. 

These procedures 

The Nuclear Regulatory Commission (NRC) in its Regulatory C.l*ide 4.5 states by 
way of introduction that "no single soil sampling" method is adequate to sample all 
soil types at all locations. For example, a method designzd tc sample cohesive sandy 
loam soil may not be suitable for sampling the dry loose soil common to some arid 
areas of the L'nited States. Rocky soils present problems for all sampling methods. 
TWO sampling uetnods are described by the NRC: 
Environmental Measurements Laboratory) Procedure Manual method and the NAEC (Nevada 
Applied Ecology Group Reports, such as NVO 178, June 1977) uiethod. 

the Health and Safety Laboratory (now 

The HASL method requires collection of 10 or more cores for a composite sample. 
A good pair of sampling tools is an 8.9-cm-diameter top-soil cutter and a 8.3-cm-dia- 
meter barrel auger that cuts an 8.9-cm-diameter sample. The top-soil cutter is used 
to remove the sod to a depth of 5 cm, and the auger takes the remaining sample to the 
depth desired (20 to 30 cm). The composited samples are screened to remove the 
greater-than-two-millimeter fraction; the remaining material is then crushed, blended, 
and pulverized for radiochemical analysis. Results of sampling by this method are 
reported by Krey and Hardy (1970). Krey and Krajewski (1972, Krey (1974), and Krey. 
et al. (1976). 

The LAEG method uses a steel ring (12.7-cm diameter by 2.5-cm depth). The ring 
is pressed into the soil and the soil inside the ring is removed with a disposable 
plastic spoon. Soil is next removed from outside the ring to the 2.5-cm depth, the 
ring is pressed into the soil another 2.5 cm and another sample is taken. A sample 
consists of soil taken from a minimum depth of  5 em. 

The Colorado Department of Health recommends collecting soil samples to a depth 
of 0.3 cm over an area of 30 cm . Twenty-five samples are collected into a composite 
sample from each sector. The composite sample is dried and sieved through a 10-mesh 
screen 12-mm openings). The fine material is coned and quartered to a 30-g fraction. 
This fraction is finely ground and mixed using a mortar and pestle. 
of this portion is taken for plutonium analysis. 
samples taken in the years 1970 through 1974, (CDH, 1974). 

2 

A 2-g fraction 
Results have been reported for 

Since 1973, Rocky Flats personnel have collected soil samples using a jig, 10 by 
10 cm in area and 5 cm in depth. 
soil is carefully removed, and the soil within the volume of the jig is carefully 
removed with a scoop and transferred to a sample container. 
take four subsamples at the four cardinal directions about 10 m apart plus m e  sub- 
sample at the tcnter. The five subsamples are composited in the field. Subsequent 

The jig is pressed into the soil, the surrounding 

It is common practice to 
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sample treatment includes drying, screening through a 10-mesh sieve, weighing both 
fractions, ball-milling the fine fraction, and weighing out suitable aliquots for 
radiochemical ar.alyses . 

In its document, "Proposed Guidance On Dose Limits For Persons Exposed to Trans- 
uranium Elements in the General Environment" (USEPA Publication, September 1977, 
Annex V, page 11), the Environmental Protection Agency "recommends that f o r  undisturbed 
sites where soil measurements are taken t o  evaluate the inhalation pathway, soil 
samples should be taken to a depth of one centimeter and transuranium element activity 
be measured in all soil particles less than 2 mm in size. Several individual samples 
may be composited for a single measixement." 

The Jefferson County Health Department recommends sampling only surface dust 
2 from an area of 4 m . 

vibrator and peroxide solution and separated into a particle size fraction by aqueous 
sediment.tion. The less than 5-pm size is analyzed for plutonium. The concentration 
obtained is defined by the authors as plutonium in respirable dust (Johnson et al., 
1976). 
report plutonium concentrations in soil. See Section 2.3.9.2. 

After collection, the sample is disaggregated by ultrasonic 

The data are not directly comparable to that obtained by other workers who 

2 . 3 . 9 . 4  Radioactivity in Sediments 

In addition to releases of plutonium to the atmosphere, there have been past 
releases of radioactive material from the Plant to water effluents. These latter 
releases have contributed to an increase in background radiation in ponds and reser- 
voirs on the site and in the immediate vicinity. Since t3e start-up of Plant opeta- 
tions in 1952 until December 21, 1973, water containing decontaminated process and 
laundry waste was released through the B-series ponds to South Walnut C-eek. This 
creek joins North Walnut Creek, which flows into Great Western Reservoir. Discharges 
from cooling water blowdown and steam condensate were discharged t o  Pond A-1, while 
filter backwash water from the water treatment facility was discharged to Pond C-1. 
These ponds are shown in Figures 2.3.9-2 and 2.3.9-3. Host of these discharges have 
now been stopped (the Plant is working towards a zero total liquid discharge system). 
lHowever, treated sanitary liquid waste will continue to be discharged to Walnut Creek 
'and Great Western Reservoir until the completion of the reverse osmosis facility. 
Operations should commence in the early 1980's. While the water that flowed into 
Great Western Reservoir did not exceed applicable Radioactivity Concentration Guides 
set forth in ERDA Manual Chapter 0 5 2 4 ,  dated 1977, it did contain some low-level 
concentrations of plutonium and uranium. Host of the radioactive materials settled 
out in the sediment of the ponds, resulting in measurable amounts of radioactivity. 

Operating within a contractual agreement with the Division of Biological and 
Environmental Research of ERDA, Colorado State University personnel acalyzed sediment 
samples and water samples from the on-site ponds (Johnson, et al., 1974). Shown in 
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Figures 2.3.9-4 through 2.3.3-9 are the average sediment and water concentraticns of 
plutonium in the on-site ponds existing in 1974 (two hirve been added since then). As 
can be seen from these figures, the B-series holding ponds (which did receive process 
Waste) contain the major inventory of plutonium. Estimates of the total inventory 
based on the CSU study, of plutonium trapped in the sediment of the B-series ponds in 
the years 1971 and 1973 are shown in Table 2.3.9-1. 

T e L E  '2.3.9 - 1 
INVENTORY OF PLUTONIUM IN SEDIMENT OF B-SERIES PONDS 

3 - Pond Total Inventory (curies) 
1973 

B-1 0.085 2.9 
B-2 0.027 0.04 
B-3 0.019 0.04 
8-4 0.005 

- 1971 - 

0.005 
TOTAL 0.136 2.985 

- 

AS can be seen in Table 2.3.9-1, the total inventory of plutonium in Pond B-1 
increased dramatically between 1971 and 1973. There were no major releases from the 
Plant during this time, but pond reconstruction activities resulted in disturbances 
of the bottom sediment of the channel upstream of Pond B-1. This caused much of the 
upstream sediment to be transferred to the B-1 pond, increasing its total inventory. 
It is probable that several additional curies of plutonium remain trapped in the 
sediment between the waste discharge pipe and the inlet of Pond B-1. As can be seen 
from the figures, however, the plutonium suspended in the water was essentially all 
redeposited in Pond B-1. This is in agreement with the CSU measurements, indicating 
that plutonium put into the water will quickly redeposit into the bottom sediments. 

The holding pond sediments do not contain plutonium or americium at concentrations 
After the ponds are no longer used to hold effluent sufficiently high to be reclaimed. 

from the sewage treatment plant, it may be desirable to remove the accumulated sedi- 
ments. A plan would then be formulated for removal and disposal of them. Removal 

concentrations of radioactive materials contained in the sediments. The Eethods of 
collection and disposal would be similar to those used in cleaning the solar evapora- 
tion ponds. 

I 
,would involve the best available control methods to prevent dispersal of the low 

Table 2.3.9-2 shows measured releases from pond B-4. 
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Year 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

- 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
i97 i 
1972 
1-973 
1974 
1975 
1976 
1977 

9 

TABLE 2.3.9-2 
RADIOACTIVE RELEASES FROM POND B-4 

Plutonium A1pt.a 
(PCi 1 
NA* 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
519 
860 
4?03 
40CO 
39 I 
400 
542 
4 64 

h e r  ic ium 
(PCi 1 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7 94 
NA 
102 
123 
156 
223 

Alpha Activity** 
(PCi 1 
1126 
1226 
1099 
1653 
1863 
2796 
5800 
5900 
6110 
5500 
2360 
2620 
2630 
4227 
2765 
2982 
4384 
3369 
6723 
10265 
8990 
1605 
2188 
2730 
4260 

* NA - Not Analyzed 
**From 1953 to 1970, the figures represent alpha activity measured after an actinide 
separation resulting in a mixture of plutonium and uranium, excluding all other 
actinides. From 1970 through 1976, the figures represent alpha activity derived 
from specific measurements of plutonium plus uranium plus americium. 

Prior to Deceffiber 21, 1973, all laundry waste wdter and other process waste 
water containing plutonium. uranium, and americium concentrations below the radio- 
activity concentration guides were treated at the sewage treatment plant and held in 
the B-series pond before relesing to South Walnut Creek. 
sanitary waste water has been treated at the sewage treatment plant and released to 
South Walnut Creek. Shortly after December 21, 1973, basins and digesters were 
thraughly cleaned to remove the residual solids which contained plutonium, uranium 
and americium activity. 

Since this date, only 

The total alpha activity in the release waters typically is much greater than 
the plutonium alpha activity. 
plutonium activity is due to alpha activity from americium and from uranium and its 

The difference between the total activity and the 

* 2-89 



-- 

-_ 

;i 

daughters. 
the water taken into the Rocky Flats Plant. The continual release of plutonium from 
the on-site ponds means that there will be some addition of residual radiation in 
off-site water systems, particularly in Ualnut Creek leading from the B-series ponds 
and in Great Western Reservoir, which receives Walnut Creek water. Measurements by 
CSU on Walnut Creek at Indiana :’treet are shown in Figure 2.3.9-10. These measurements 
indicate some buildup of plutonium in the sediments. The levels are on the order of 
10 pCi/g. 

Uranium activity is due almost entirely to the natural uranium content of 

SI nll amounts of plutonium-239 have accumulated in the sediment of Great Western 
Reservoir. The average plutonium concentration in 20 samples fro..] that sediment is 
3.13 t 2.81 d/m/g (1.4 +_ 1.26 pCi/g). 
analyses by the EPA during 1973 (USEPA. 1973). The plutonium concentration in the 
Crest Western Reservoir sediment is less than 0.1% of that in the B-1 pond suggesting 
the slow transfer of plutonium downstream. The 1.4 pCi/g level of concentration in 
Great Western Reservoir sediment is about equal to that of the soil in the area. The 
source of the plutonium activity in the reservoir sediment may be from airborne 
deposits as well as waterborne releases. Core sediment studies done in 1974 by 
Battelle Northwest Laboratories (unpublished) suggest this conclusion. The EPA data, 
which show sediment activity level increases between 1970 and 1973, appears to 
correlate with the previously mentioned pond reconstruction. 

That quantity WJS calculated from samples and 

Given the Great Western Reservoir sediment concentratiom and the CSU value for 
transfer of plutonium from sediment to water, if there were no further additions of 
plutonium into that reservoir, the espected plutonium concentration in its water 
would be about 0.014 pC/1. On the basis of a steady input of 1000 pCi/yr into the 
reservoir, the aveiage water concentration, not counting deposition into the bottom 
sediments, would be about 0 . 2 5  pCi/l. Actual concentrations should be smewhere 
between these values. Actual measurements over the past five years (1973 through 
1977) in Great Western Reservoir have shown an average concentration of plutonium in 
the water of less than 0.07  pCi/l. but 1978 concentrations are consistently less L.rin 
0 . 0 2  pCi/l. The DOE Radioactivity Concentration Guide (RCC) for plutonium concentra- 
tion in water to which the general public may be exposed is 1,667 pCi/l. 
established tPA drinking water standards limit gross alpha activity to  15 pCi/l. The 
average plutonium concentration in Standley Reservoir during this same five-year 
period has been less than 0.04 pCi/l. 

The recently 

The total alpha concentration in the waters of Great Western Reservoir, about 
10 pCi/l, is dominated by the radioactivity of the uranium decay chain. Based on 
Rocky Flats‘ measurements of Plant intake and discharge water, this uranium alpha 
content is due almost wholly to the natural uranium content of the water in the 
general area. For example, in 1972 the uranium alpha content in Ralston Reservoir, 
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the main source of Rocky Flats raw wa-er. averaged about 20 pCi/l. More recently, in 
the spring of 1978, it was noted by Rocky Flats and the Colorado Department of Health 
that the total long-lived alpha activity in Rocky Flats water had dramatically in- 
creased. It was found that this increase was caused by elevated concentrations of 
uranium in raw water from Ralston Reservoir. In fact, two analyses in March 1978 
averaged 61 pCi/l. four samples in April '-978 averaged 17 pCi/l, and in May, the 
concentration dropped to an average of 2 pCi/l. The limit for uranium in water is 
about four times that for plutonium (Standard for Radiation Protection Annex A. ERDA 
Hanual Chapter 0524, March 30. 1977). 

There are measurable levels of americium in Great Western Reservoir. Rocky 
Flats measurements indicate that americium-241 levels in the water are about equal to 
those of plutonium. Since the americium level in the soil is about 10% o f  that of 
plutonium, there is an indication that americium is more mobile than plutonium in 
water. Americium is picked up more readily from soil runoff, ana reaches a higher 
equilibrium level in the water in relation to the sediment concentration. As  mentioned 
previously, concentrations of americium-241 in the water will incredoe in coming 
years to reach annual, average, background levels of somewhat under 0.1 pCi/l. This 
will still be well below applicable standards. The most restrictive DOE and Colorado 
limit for americium concentration is 1.330 pCi/l; the EPA drinking water standard 
limits alpha activity to 15 pCi/l. 

During 1973 there vas a level of tritium above background in Great Western 
Reservoir. That increase came from an accidental release o f  100 to 500 curies of 
tritium to the environment. The release began in April of 1973, ana was identified 
in June 1973. (The natural background level of tritium in the vater prior to the 
accidental release was about 600 pCi/l.) Of the amount released, ZPA estimated 56 
curies of tritium reached the Great Western Reservoir (USEPA, 1974), leading to 
initial concentrations (assuming complete mixing) of 12,000 pCi/l. This concentration 
has decreased as noncontaminated water has flowed in:,, Great Wes:ern Reservoir. 
Heasurements taken by Rocky Flats from October through December of 1973 averaged 
8,200 pCi/l. By January of 1975, the level of tritiun in Great Western Reservoir was 
4,000 pCi/l, which is what is expected since Great Western Reservoir contents, on the 
average, turn over once a year, reduclng the average ccncentration by a factor of two 
per year. By the end of 1976, tritium levels in the reservoir were at or near the 
regional background level o f  approximately 600 pCi/l. The DOE effluent limit for 
tritium concentrat'on in rater to which the general public has access is 1 x 10 
pCi/l; the EPA standard for drinking water is 20,000 pCi/l. 

6 

2.3.9.5 Other Sources of Radioactivity 

There are some amodnts of low-level plutonium infiltration into the soil tur- 
rounding several on-site buildings. This plutonium is from past leaks, contamination 
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incidents, and burial of radioactire materials on site. For several years, laundry 
water containing low concentrations of  plutonium was allowed to flow into the upper 
reaches o f  Walnut Creek. This practice, although long since discontinued, produced 
measureable amounts o f  plutonium in siream sediment. 
has been removed and packaged for shipment to  DOE waste disposal sites; however, 
because o f  safety and cost considerations, removal of all on-site soil containing 
plutonium has not been attempted. 
residues were burned in pits on the east edge of the Plant site during the 1950's. 
These pits have recently been escavated and, the contaminated soil was packaged for 
shipment. 

Some plutonium-containing soil 

Several thousand gallons of oil containing uranium 

Ihe Rocky Flats Plant has discontinued on-si te burial of ariy radioactive materials. 
Rocky Flats is carrying out an estensive ntonitoring program to locate piutonium 
deposits for clean up and disposal. Further discussion of these actions appears in 
Sections 5 . 2 . 4  and 5 5.1. On-site plutonium in the environment is controlled to 
prevent transport by air and katcr to the surrounding area. Monitoring demonstrates 
the effect iveness o f  the controls. 

In sunusarp, one major increase in off-site. background pIutonium levels  resulting 
from pdst operations of the Rocky Flats Plant was caused by the oil-leakage incident. 
This incident dispersed some 2 .6  Ci of plutonium off site. Other releases to surface 
Watcr h.n.e resulted in dispersal of much smaller amounts of plutonium off site. A 
major temporary incre.ise in off-site radiation occurred when about 56 Ci of tritium 
were rt.lensed to the Great Western Reservoir. 
Plant hd\w not contributed discernibly to the plutonium background i.1 the area. 

Plutonium fires at the Rocky Flats 

2.3.10.1 Vegetation 

The Rocky Flats Plant i s  located at an elevation of about 6,000 feet above sea 
level, dt the .approsimatc elevation where plains grassland vegetation meets lower 
montane forest. 
chak.actt.rized (Marr. 1964) as consisting primarily of heavily grazed pastures composed 
of rt misture of herbs and of relatively unpalatable grasses. In isolated, undisturbed 
sites, there are pa:ches of big and little bluestem, needle grass, and side-oats 
grama. Prickly pear cactus and yucca are abundant where overgrazing has been extreme. 
Vild plums and hawthorn are common in the small ravines. The lower montane forest 
region i s  characterized by ponderosa pine and common juniper in addition to patches 
o f  grasses and flowering herbs. 
streams. 

The present vegetation or the upper plains grassland region has been 

Willows, cottonwood. and river birch grow along 
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Within the Rocky Flats boundaries, a \variety of vegetation thrives. Included 
are species of flora representative of tall grass prairie, short grass plains, lower 
montane, and foothill ravine regions. Introduced Eurasian weeds make up a significant 
portion of the vegetative cover. It is evident that the vegetative cover in the 
Rocky Flats region has been radically altered by human activities such as burning, 
timber cutting. road building, and overgrazing for many pears. 
original 2,520-acre site boundary, however, has not bee:, grazed since 1951 and gener- 
ally has been undisturbed since that time. Some areas that had to be disturbed have 
been reseeded with native grass misthres. 

Land within the 

Weber and others (1974) conducted an inventory of the botanv at the Rocky Flats 
site from June through September of 1973. They reported thdt 327 species of vascular 
plants, 25 lichens, 15 bryophytes, and one macroscopic green algae species had been 
observed in the area. An annotated list of species occurring on the Rocky Flats site 
is given in Appendix A .  none being on the endangered species list. 

The vegetation of Rocky Flats was mapped in 1974 by the Plant Ecology I.dboratory, 
Institute of Arctic and Alpine Research of the University of Cclorado (Clark, 1977). 
Those studies indicate that the area enrompassed by the original site boundary, 
especially to the east and south o f  the Plant, is characterized primarily by meadow 
type hatitat, largely blue-grass and wheat-grass. Restricted a r e a s  o f  marsh and 
stream-bank vegetation occur along the several creeks that  tra1,crsc the Plant s i t e ;  

higher elevations frequently arc relatively dry and barren. char.ir~erizcd by cheat 
grass and nodding thistle. k'eber states that the nodding thistle first appeared in 
the Rocky Flats area about the mid-1960's ant1 has "csplodvd o\'cr the area, completely 
dominating fallow and disturbed areas." 

West of the Plant site. the substrate is romposed I.rrgc.lp o f  rock and coarse 
gravel; the vegetation is domindted by June grass,  K1m.ath beed. and nodding thistle. 
This area is pock-mdrkcd by low gravel mounds, apparently formed by the activities o f  
pocket gophers (Murray, 1967). These mounds fiequcmt ly support vegetation that is 
somewhat d i  1 ferent from surrounding areas. 

I t  appears that vegc.~ation i s  recovering from the grazing that occurred prior to 
Government acquisition of the land. T h i s  is evidenced by the presence of grasses 
l ike big bluestem and side-oats grama that are sensitive to disturbances. In 1975, 
about t4,ooo acres surrounding the Plant site were purchased to enlarge the Plant's 
buffer zone. Much o f  the area lying between the old and new boundaries had been 
overgrazed; consequently, i t  supports a relatively s p d r s c  vegetative cover charac- 
terized by June grass, ch?dt grass. and Klamath weed. 
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The ecological changes that have occurred in the Boulder-Denver region during 
the last hundred years have resulted in major changes in the nature of wildlife 
communities in the area. 
the region for livestock production led to the demise of the beaver, buffalo. and 
antelope. 
considerable wildlife habitat and has usurped the natural winter range of elk and 
deer. These changes are particularly significant to the larger animals. Even some 
of the medium-siz*d forms have been affected, as ev-Jenced by the partial elimination 
of  den sites for foxes and river bottom hardwoods for riccoons. In addition, movement 
to feeding grounds and other special environments has been deterred or prevented by 
roads, fences, and canals (Quick, 1964) .  

Development of the fur trade followcd by extensive use of 

During the past 30 or 40 years, industrial development has destroyed 

There are no effective barriers to animal migration or movement on or o f f  the 
undeveloped areas o f  the Rocky Flats site which support a variety of animals classi- 
cally associated with the western prairie regions. 
have been reported or have been found among the wildlife inhabiting or migrating 
through the area ( w e  Appendix A ) .  

o f  which most of the estimated 100-125 appear to be permanent residents of the site. 
White-tailed jack rabbits and the desert cottontail also inhabit the area. Carnivores 
occurring in the area include coyote, red fox, striped skunk, and lons-tailed weasel. 
Badger and raccoon are occasionally observed. 
streams and ponds. 

No rare or endangered species 

The most common large mammal is the mule deer, 

Muskrat occur in the vicinity of the 

Winsor and others, (1975) initiated a mark-and-recapture program during the 
summer of 1973 to estimate dynamics and biomass of the small-mama1 population. 
Species captured included deer mouse, thirteen-line ground squirrel, northern pocket 
gopher, hispid pocket douse, silky pocket mouse, harvest mouse, meadow vole, and 
house mouse. 

Commonly observed birds include western meadowlarks, horned larks, mourning 

nallards and other 
doves, and vesper sparrow. 
winged black birds are seen in areas adjacent to site ponds. 
ducks frequently nest and rear young on several of the ponds. 
observed in the area include marsh hawks, red-tailed hawks, Ferruginous and American 
rough-legged hawks, and great horned owls. 

A variety of ducks (chiefly mallards), killdeer, and red- 

Common birds of prey 

Bull snakes and rattlesnakes are the most frequently observed reptiles. Eastern 
yellow-bellied racers also have been seen. The eastern short-horned lizard has been 
reported on the site, but these and other lizards are not commonly observed. 
western painted turtle and the western plains garter snake are found in and around 
many of the ponds. 

The 
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A list of mammals, birds, amphibians, and reptiles observed on the site is  given 
i n  Appendix A-1. 

2.3 .10 .3  Aquatic Life 

Four streams flow within the Plant boundaries: Rock Creek, North and South 
Walnut Creeks, and Woman Creek (see Figure 2.3.9-2). Rock Creek is an intermittent 
spring-fed stream that traverses the northwest portion of the site. Because of its 
small size and intermittent flow. it is unlikely that this stream contains any sig- 
nificant numbers of fish or benthic oqganisms. Lindsay Pond, located on Rock Creek, 
is a small farm pond containing heavy growths of aquatic vegetation and supporting a 
balanced population of minnows (Redside Dace) and black bass (W-W Services, 1976). 

Other ponds (see Figures 2.3.9-2 and 2.3.9-3) are located on Walnut Creek, which 
itself supports a small population of fathead minnows. Lncluded among the on-site 
ponds are Holding Ponds A-1. A-2, and A-3 on North Walnut Creek. Zillich (1974) 
reported collecting fathead minnows in Pond A-1. Pond A-2 receives process wastewater 
and laundry wastes pumped from Pond 8-2. Large algal mats frequently are found in A- 

2 ,  however, which is probably the result of laundry wastes in the pond providing an 
adequate supply of nutrients. Pond A-3 is used to hold water during periods of high 
runoff; it  is not maintained as a permanent pond. 

South Walnut Creek and Ponds B - 1 .  B - 3 ,  and B-4 receive sanitary effluent from 
the sewage treatment plant; this has a marked effect on the stream and ponds. 
Zillich found that primary productivity was 27 times higher in Pond B-4 than at 
locations at Woman Creek, which receives no sewage effluent. Johnson, et al., (1974) 
reported that, probably as a result of  the large pH fluctuations that occur, zooplank- 
ton populations were sparse in Ponds B-1 to B-4. The diversity of benthic macro- 
invertebrates in Pond B-4 was comparable tcr that of Woman Creek. The number of 
facultative organisms remained high; even relatively sensitive sideswimmers, mayflies, 
and caddisflies were present. Pond B-2 receives laundry vastes, which are retained 
for an average of one month before being pumped to Pond A-2. As might be espected, 
8-2 supports larger algal pppulations than other ponds on South Walnut Creek. 
by W-W Services (1976) personnel to collect fish from Ponds B-1, B-3, and B-4 proved 
futile, although they did find many crayfish in Pond B-4. 

, 
1 

Efforts 

Woman Creek is an ephemeral stream that receives storm runoff and irrigation 
waters; it does not receive discharges from Rocky Flats operations. 
only discharges to Woman Creek were cooling tower blowdown, vhich vas discontinued in 
late 1974, and water-treatment-plant filter backwash, which was discontinued in 1975. 
One holding pond, C-1, is located on the stream. 
biota typical of that occurring in small high-prairie streams receiving a minimum of 
agricultural land runoff and domestic or industrial wastes. 

Previously the 

Woman Creek supports an aquatic 

Because of the low 
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nutrient content in Wo~an Creek. the stream supports smaller algal populations than 
does Ualnut Creek with its effluent from sewage treatment. The rocky bottom Qf Woman 
Creek supports a relatively diverse biota composed of mayflies, caddisflies, and 
other forms typical of clean water streams. Redside dace minnows are abundant in the 
stream and in Pond C-1, and a few bluegill also are present. 

In the southeastern part of the most recently acquired site property, there is 
another farm pond that is 
found to contain fathead minnows. 

fed by Smart Ditch. The pond (identified as Pond D-1) was 

A list of aquatic organisms known to occur in the streams and ponds of the Rocky 
Flats area is p’ven in Appendix A. 

2.3.10.4 Land Management 

The operating contractor at Rocky Flats has supported a number ot programs to 
learn about, protect, and improve the local environs. Test plots of deciduous and 
coniferous trees were planted to determine species best suited to the RocKy Flats 
area. Successful varieties were planted as windbreaks. Approximately 50 acres, 
including old gravel pits, were reclaimed by topsoil placement, seeding, fertiliza- 
tion, and irrigation. A baseline water quality survey of the area was completed 
(Zillich, 1974). 
deleterious to invertebrate and fish populations, and that species diverkity in Rocky 
Flats effluent streams is similar to that in unaffected streams. 

Results of the study indicate that Plant effluents have not been 

The cattle fence around the perimeter of the Plant site now prevents grazing by 
domestic stock; it also aids in preventing unauthorized human intrusions on the 
former rangeland. Partial recovery of the vegetation from past decades of grazing . 
will probably occur by way of incre3sed vegetative cover, although the land is unlikely 
ever to be restored to its native prairie condition. 

An environmental consideration of particular interest to the local communities 
and surrounding population relates to the possible uses of the land recently acquired 
by DOE as an extension of the buffer zone. A total land-use plan is currently under 
review for this area, which includes all Government-owned property outside the fenced 
security area. 
fies current activities on the land, and establishes guidelines for future land use. 

The plan provides a complete description of present condition, identi- 

The primary purpose of the buffer zone is to preserve a substantial band of 
unoccupied land in an open, underdeveloped state to minimize the types of problems 
that often arise from close proximity of industrial facilities to residential communi- 
ties. 
land development because of growth within Denver-area suburbs. 

1 
Such encroachment is conceivable, especially in 1ighK of increased activity in 

Recommendations were 
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solicited from interested parties in government, education, and the private sector, 
and following further evaluation and discussions, the long-term management program 
will be formalized and implemented. 

2.4  WIND ENERGY TEST FACILITY 

A 451-acre site in the northwest corner of the Plant site has been established 
for a Small Wind Energy Conversion System test facility. The purpose of the facility 
is to provide the capability for a broad range of testing various designs of small 
wind energy conversion systems. 

The site is still being developed. A general layout of the facility provides 
five rows of test sites. 'Two are completed and the remaining three rows are in the 
planning stage, with installation scheduled for the fall of 1978. The first group of 
wind turbine generators installed develop about 2 to 15 kW in power output. Later 
units may produce up to 100 kW. Rotor diameters for the units range from about 13 
feet to about 100 feet. To provide 30 feet o f  ground clearance, test platforms in 
the 40- to SO-foot height range have been utilized for most generator units. The 
test platforms will be o f  several different types including single-post steel or 
concrete, guyed post, and three- and four-post trussed tower designs. 

Each test site consists of four major components: a wind turDine generator 
mounted on a tower (installed on a concrete test pad) and a shed. Located in the 
shed i s  the power distribution and nian'tgcment equipment, as well as the first-stage 
data collection equipment. There are two majur meteorological tower sites located at 
the test facility for data collection at lo-, 2 0 - ,  30- and 40-meter levels. A variety 
of towers is currently installed at the facility. Energy generated by the wind 
turbine generators flows to a battery storage system and then to a DC motor coupled 
to an AC generator. This combination provides power for the data collection sb'stem. 

. 

A test center occupying approximately ,3,000 sq ft is planned for the site to 
house offices, data storage equipment, and power storage banks. The building will be 
designed to utilize wind-generated power and solar heating for much of its practical 
power and heating needs. Power and data cables will be laid underground, adjacent to 

the access paths, from the test center to the wind turbine generators and meteoro- 
logical towers. A leach field or sealed septic system will serve the sanitary sewage 
needs of the test center. Final selection of a system will depend on groundwater 
levels and on percolation test results. A paved access road approximately 25 feet 
wide will be coastructed to connect the test ce.rter with Colorado State Highway 128. 
A paved parking lot will be located at the test center. A demonstration irrigation 
plot consists of a well, stock tank, and sprinkling system to irrigate a 40 to 80 
foot-diameter plot adjacent to the test center. 

CR 

T h i s  project has no adverse effect on the Denver-area population. Local and 
national benefits result from the increased employment for the project, the purchase 
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of materials and supplies. and the information that will be obtained, which is appli- 
cable to the development of a non-polluting energy source. 
Assessment report has been prepared for the Wind Test Site, it will not be discussed 
further in this ‘Impact Statement. 

Since an Environmental 

2 . 5  MAJOR ACTIVITXES &?4D FAClLITlES 

This scction is divided into eight parts to describe the chief functions of the 
Rocky Flats Plant. Beginning with the fabrication‘of various metals into different 
shapes for the national weapons programs, these functions continue with the recovery 
of plutonium and americium from plutoi lum residues; research into new techniques, 
equipmrnt, and materials; and special projects in support o f  other members of the DOE 
weapons complex. Nuclear weapons are not dssembled on site. HateriaLs commonly han- 
dled a t  the Kocky Flats Plant in kilogram quantities include plutonium. enriched and 
depleted uranium, and americium.. Materials handled in gram or milligram quantities 
for research and analytical activities include curium-244, neptunium-237, thorium-228, 
and uranium-233. 
itemized and updated on a regular b z s i s  ir7 reports to the Colorado Department of 
Health. As a result of public commerlt on the DEIS, this section has been expanded to 

. provide more detail on personnel protection pnd the health and safety aspects of 
hand1 i ng rad i onc L I v e  elcnien t 5 ,  beryl 1 ium , and selected solvents . 

A variety of isotopes are handled in lesser quantities. These are 

2.5.1 Spcci?! FeatuEes of Plutonium-Handling Facilities 

2.5.1.1 Structure and Equipment 

Plutonium must be stored and processed under strictly controlled environmental 
conditions t o  assure both a high quality product and protection o f  personnel from 
toxic e f f e c t s  (Appendis G ) .  

nium ( m d  much of the process equipment) insidc stainless steel enf-lasures called 
glove hoses. which are designed to contain the material and its emissions (see Figures 
2.S.1-J and 2.5.1-2). 
oside are attached to the glo\.e boxes to permit the safe handling of plutonium. 
glove bohes typically have Icad-impregnated glass windows and lead shielding io 
protect personnel from gamma radiation and X rays. Hydrogenous materials are used 
where neuLron shielding is required. Where possible, glove boxes are connected by 
clcsed conveyor lines within which the radioactive material is transported between 
glove ooxes. 

Controls are achieved primarily by enclosing the pluto- 

Elastomeric gloves having a center layer impregnated with lead 
The 

The ground-floor fabrication and assembly areas in each plutonium manufacturing 

The glove boxes and enclosed conveyors (Zone I ) ,  modules (Zone IL), 
building ,.re divided into modules, and each .nodule is separated from adjacent ones by 
vide corridors. 
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and the corridors and shells of the 
rier stazes or zones for containing 
pressure in Zane I is negative with 

building (Zone 111) provide three distinct bar- 
radioactive materials. The ventilation air 
respect to that of Xone 11; Zone 11 pressure is 

negative with resprct to Zone 111; and Zone 111 pressure i s  negative with respect to 
the outside environment. Thus, air passes from nonradiQactive areas to ones that 
potentially are increasingly more radioactiv-. i.e., from the outdoors to Zone 111 to 
Zone I1 to Zone 1. The air exhausted from all Zone I areas is filtered through at 
least four stages of HEPA (High Efficiency Particulate A i r )  filters before it is 
discharged to the at,nosphere. Zone I 1  and Zone 111 exhaust air is also passed through 
KEPA filters. This ventilation system is discussed later (Section 2 . 7 . 1 )  in greater 
detail. 

To minimize the possibilities of fire, an inert (nitrogen) atmosphere, contain- 
ing less than 5% oxygen, is maintained in glove boxes, conveyors, and vaults that may 
present a fire hazard. This atmosphere is continnously monitored; an alarm sounds if 
the oxygen level exceeds 5%. Automatic wet-pipe sprinkler systems throughoui each 
facility provide protection against fire. Exceptions occur where nuclear criticalit) 
safety considerations preclude sprinkler use or where there is no fire potential. 
Where water car,?ot be used, special fire prevention techniques such as inert atmos- 
phere, or fire suppression systems such a5 carbon dioxide are frequenrly Lsed. Heat 
and smoke detectors located at stratepic places actuate autcmatic systems and provide 
local and Plant-wide alarms and location signals. Manual fire-alarm stations also 
are located throughoJt the buildings Jnd are connected to the Plant-wide alam system. 
Dual, off-site, electrical power sources, in addition to on-site diesel-electric 
generators provide power for emergency lighting and for all ventilation control 
equipment, utilities, and process equipmenr that must continue to furrction for safer! 
and for containment of radioactive materials (see Section 3.2.2.4). 

2.5.1.2 Radiation ;.Id Safety Controls 

TO detect trends in concentrations of radioxtive material in the air in working 
areas, open-face continuous air filter samplers are located at the Zone 11 exhaust 
ducts and work areas. Samplers located near the exhaust ducts are sensitive to 
abnormal conditions which may develop in the general operating area. Data from these 
samplers verify that concentrations of alpha-emitting radionuclides are as loa as 
practical and within the guidelines give.1 in ERDA Manual Chapter 0524, i.e., 2 . 0  
pCi/m3 for plutonium-239 in controlled areas. 

To detect unexpected releases and provide for rapid alarm to employees in the 
area, selective alpha air monitors ( S A M )  are locaied in the air-flow patterns of 
Zone 11. A centralized readout system is used as a means of detecting the location 
of alarm conditions, as well as possible sampler malfunctions. It provides continuous 
information from a large area to a health protection work fxce in a centralized 
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location. Data printouts are used for record keeping purposes. 
alarm in the plutonium facility is as follows: (1) Personnel in 

A response to a SAAH 
the area don respira- 

tors. ( 2 )  The area is evacuated. Individual judgement is required but, in Some 
cases, more serious situations have been avoided by personnel in respiratory equipment 
taking action to control the source of contamination. 
personrol enter the area eqgipped with at least full-face mask respiratory protection. 
( 4 )  Possible sampler malfunction is verified or the source of Contamination is deter- 
mined and contained. (5)  The level o f  contamination is determined. (6) The area is 
cleaned and returned to normal operat ions. 

( 3 )  Radiation Monitoring 

All employees in plutonium arras who kork with radioactive materials are re- 
quired to w . ~ r  protect iue clothing. 
when leaving radiation control areas. All employees who have been in radiation 
control areas niust he monitored by a Radiation Monitor before leaving the security 
control area. 
shoxer at the end of the shift. 

All employees are required to do self-monitoring 

Personnel who are required to wear protective clothing are required to 

Selectix-e a1ph.i air ntonitors are also located in the exhaust stacks of process 
and research buildings t o  provide direct monitoring of :be effluents at their release 
point. A d e t n i l c d  description of the system is presented in Section 2.10.1.1. 
Constant air monitoring :hroughout the work areas and the stack alarm system provide 
a highly r e l i < i b l c  system for dlerting the Plant to an accidental release. 

2.5.2 1’1 u~fOniuni__~~il~ri~~it ion . and -. Assembly ... 

2.5.2.1 Opcr.it ions 

Plutor!iuni i n g o t s  ;ntl p d r t s  are generally stored in closed containers within 
vaults. Thc latest \*auIt built has an inert atmosphere contained within 10-inch- 
thick concreti. ha1 Is with kindows o f  1.tminated glass enclosing gelled water. 
i s  introduced into .and retrieved from the vault by a computer-operated three-&xis 
retriever (Figure 2.5.2-1). 

Material 

-- - 

Pieces of plutonium metal arc drilled or broken to provide samples for assay in 
preparation for casting alloys. The plutonium metal for castings is in the form of 
scrap, buttons, and briquettes. feed material i s  melted i n  a tantalum crucible in a 
Vacuum induction-heated furnace. The molten metal is poured through a tantalum 
funnel into n coated graphite mold t o  form an ingot of the required shape and alloy 
content. 
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Used molds are recoated in a glove box prior to being reused. Unusable molds 
and plutonium scrap generated in the process lines are removed from the lines in 
protective bags. The material is then monitored and shipped in metal drums to other 
process buildings for rocovery or disposal. When no longer usable, molds containing 
plutonium above specified limits are processed to recover the plutonium. The remaining 
waste materjal and molds, monitored to be sure they are below specified plutonium 
limits, are transferred in sealed containers to a WE-approved waste storage facility. 

Plutonium ingots are processed through metallurLica1 operacions involving reduc- 
tion rolling, blanking, forming, and heat treating. Metal scrap from these opera- 
tions i s  then Gegreased -- a process for removing oils and greases from metal sur- 
faces, particularly the oily film remaining from forming operations. The scrap is 
then recycled through the foundry. 

Hachining operations are performed on engine lathes, jig borers, and numerical 
control machines. Hydraulic oi! coolanl for the machines is circulated through 30- 
micron filters for plutonim removal and, when discarded, is pumped through one- 
micron filters into storage tanks. From these tanks. the oil is again filtered, then 
processed and converted into a gel for transfer to a DOE-approved waste storage 
facility. Carbon tetrachloride is used to wash oil from parts, tools, gloves, and 
machines. and for degreasing turnings prior to briquetting. Carbon tetrachloride is 
used in glove boxes. The employees are protected by the glove-box containment from 
breathing the fumes and coming into contact wiih the liquid. An estimate of the 
amount of carbon tetrachloride released to the outside atmosphere, based on the rate 
of consumption (See Section 2 . 8 ) .  is 0.79 grams per second. This release is well 
below the limit set by the Colorado Air Pollution Control A c t ,  Regulation Lumber 
Eight, of 4 4 . 7  grams per second. Used carbon tetrachloride is handled in the same 
manner as spent oil coolant. 

Plutonium parts are ultrasonically cleaned with trichloroethane and. when re- 
quired, are radiographed. The parts are dimensionally inspected using surface 
plates, optical comparators, and electronic gauges with laser intcrferometers. 
Special glove boxes are used t o  store, repair, and calibrate gauging equipment. 
Following inspection the parts dTf2 assembled with other components. The term "assem- 
bled" includes such operations as  cleaning. brazing, marking, we!ding, weighing. 
matching, sampling, heating, and monitoring for surface contamination. "Cleaning" 
refers to such varied methods as kirc brushing, ultrasonics, wiping, and vapor de- 
greasi1.g. "Harking" means gri tblast ing and rlectromarking. "Inspect ion" assumes 
m a y  forms and uses a variety of aids: 
radiography, visual methods. gauging. ultrasonics, tensile tests, eddy currents. dye 
penetrants, and acoustic emission. "'lielding" may be in the form of Tungsten Inert 
Gas (TIC), Pressurized Inert Cas Metal Arc (PIGMA). Electron Beam (EB). or resistance 
welding. "Brazing" refers to metal joining using vacuum induction furnace or electron 
bombardment techniques. 

destructive and nondestructive testing, 
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v * ~, T I P  are described in Sections 2.5.6 and 

b 2 1 w  to the touch. It turns quickly 
p I-. ' I l i e .  5urtnce oxide which forms in 

a Iv b, u\hcd from it. The oxide is a 
. . ! I I c - ~ I  ~t comc-s in contact. It is 

s f I N  k.tGhirig vith a detergent solution. 

r . d i  i t  i i u b .  lhe gamma radiation is 
,111.i I t t l i . t t  t o n  by means of lead- 

I he. ~ l ~ * \ . e  hoses (Section 2 .5 .1 .1 )  
i ' v ~ v  ; (4 . t n c l  stored. Alpha radiation 
! t i - \u t . .  dnd therefore cannot cause 

1 t I. i (1,. r !,t. human body. 

I S  t c I  I J r C ' W I l t  situations in which 
L I  I ti q7t.n wounds do not work in the 

. 1 1 1  i i ~ k i ~ g  is al lowed in the plutonium 
' .  I l l , . .  # . I  +pccia l  :ontainers in normal 

. : * I # . ~ I !  . L1trkvt-s make frequent inspec- 
7 1  : -wir +*; i iig t hem from a glove box and 

' '. i !ln' , l t . f . A .  

' . , 1 1 1 1  ictris are taken: 
* t t i t .  iit)rkt.r's clothing is rfmoved so 

' . t . r i t Iv  inRested or inhaled. 
' .  f + l +  a i r ,  a respirator is worn or an 

~ i t r i i ~  c l \ i r l t .  must be removed. This can 
8 * . r r c m i i i t n  tc~sicity is discussed in 

, i I v i ~ I I  i t etl. Finely divided or 
. : .) * V I  f r l t m s  include powders, turnings 

I : I . c . .  rhe impurity-containing waste 
. . ~3 ~.i~*Irrciir~g s t e e l ,  are combustible when 

,. r t aketl t o  prevent combustion include 



1.  
2.  

3 .  

4 .  

I n e r t  a t m o s p h e r e s  a rc  used i n  g l o v e  b o x e s .  
Forms which are r e a d i l y  i g n i t e d  are c o n v c r t c t f  to  s tab le  ! i . c . .  t u i : c  b u r n r d )  
p l u t o n i u m  oside w i t h i n  24 h o u r s  o f  t h e i r  forinat ion. 
I n t r o d u c t i o n  o f  a n y  c o n i b u s t i b l r  i n t o  the g l o w .  box l i n e  i s  a\*uitlrd. Lhen 
i t  is n e c e s s a r y  to u s e  c o m h u s t i b i e  m a t e r i a l s  in tht. l i n r .  t h e y  .art- c . . i r e f u l I y  
c o n t r o l  l e d .  
P l u t o n i u m  m e t a l  i s  s t o r e d  i n  spec ia l  c o n t . a i n e r s  in cc\nt.ict k i t h  h e a t  dt.trt .-  
tors. 

N u c I e a r  S a t c t y  f u n c t i o n s  c r i n t  rot plutonium.  s t o r a g e  a n d  h.\t\ttling S I I  th.11 .i sta1.e 

of s e l f - s u s t a i n i n g  f i s s i o n  or nuclt..rr- c r i t i c a l i t y  ~ i t l  ntit w c u i - .  l h c  qu.int i t y .  
g e o m e t r y ,  and p h y s i c a l  form arc  fdctors K h i c h  .are c o n s i t l c . r t 4  i n  c .s t . ibI i+ ihing nuQ.lc.dr 
m a t e r i a l s  s a f e t y  l i m i t s ,  i . c . ,  t h e  q u ; i n t . i t i c s  01‘ f i s s i l v  in.ttc-ri.rl t ) f  .i s t . i t ~ d  t y p e  

which may b e  l o c a t e d  i n  a t l t * f intv j  p 1 ~ c . e .  Tht. n u c l t - d r  s a l t - t y  twitrlJfs -art. t1is.zusst.d 
more f u l l y  i n  S e c t i o n  3 . 2 . 2 . 6 .  

normal c o n t  inement  . 
All employees br.ir pc.rsop,.il dosinrc. 

r a d i a t i o n  w h i c h  t h e y  rt.c.t.ivr. A n . r l y s i s  
measurement of a n y  i n v e r n a l  radioa\.t i v i  

2.5.3 

2 . 5 . 3 . 1  O p e r a t i o n s  

B e r y  1 1 i urn !-abrjc?i o n  

C l e a n ,  s o l i d - m e t a l ,  b e r y l l i u s  s c r a p  ft-oiti C t J I I l l i i < ’ ~ C i ; , ~  w u r x , t ~ -  .wtl o l h c r  IWF. 

f a c i l i t i e s  i s  s h i p p e d  t o  Rocky F l a t s  ami niisrd K i t h  scr.11, fr-oit i  Rocky F l . i t s ’  p r w c - s s -  

ing. T h e  combined s c r a p  i s  p l a c e d  i n  Crdphi  tc- c r u ~ . i l > I c s  co.it~*iI w i t h  bc.ryIliuru cixicte 

(BeO) and m e l t e d  in a vacuum f u r n w r .  The tiro1rc.n n r r t . a l  is ~ J O U ~ C ~  i n t o  ,I BcO-co.at t . t i  

g r a p h i t e  mold and allowed t o  s o l i d i f y  and cool befot-e  bc.ing t isposed t o  toundi-y .iir. 
E x h a u s t  streams from the f u r n a c e s  arcs p u m p d  t h r o a p h  ,i s i n g l c - s t a g e  r-ciughing f i l t c r .  
and w i t h  the room a i r ,  through a series of HEPA fii‘ers I~ - fore  k i n g  \gentt.d to  t h e  

a t m o s p h e r e .  E x h a u s t  s t a c k s  are c o n t i n u o u s l y  moni to r rd  for b e r y l 1  iuin. 
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The ingot is sawed into slabs, called billets, that are machined by a milling 
operation. Flooding the saw and mill cutter with machining oil prevents airborne 
contamination. Used oil is combined with a solidifying agent, placed in metal drums. 
and transferred to a DOE-approved storage site. 

A steel "can" is welded around the billet in such d way that the billet is 
vacuum sealed to protect the beryllium from the .itmosphere during subsequent opera- 
tions. The canned beryllium billet is then heated in an electric furnace that is 
continuously purged with the inert gas. arpon. 
is reduced in thickness by rolling and is thvn .innr*.Ied. 

After being heated. the canned billet 

The ;tee1 can i s  cut away, etched to remove residual beryllium. and sold as 
scrap. Solid beryllium scrap is recycled back into thc casting step. The remaining 
beryllium is etched, reduced in thickness (rollrd), annealed, and cut into the de- 
sired shape. Surface oxidation that occurs during rolling is removed by etching each 
blank with nitric acid. The blanks .ire once .again hc..itcti .tnd formed into the desired 
configuration. Oncc formed, the p3rts arc nir-cooled and undergo n f i n 3 1  heat treat- 
men t . 

The parts are machined in spccial mac.hine shop rrsc.rvrd for beryllivm work. 
A11 machines in this shop are equipptd with .I hizh-spc-id air down-draft system that 
removes machining chips as they a r e  gener\ittd. .and ~. .ol lec . ts  them in drums that dre 
isolated from the atmosphere. Thest. <.hips are not exposed t o  machining oil; conse- 
quently, they are clean, dry. and can be reused or sold as scrap to the beryllium 
industry. Machined parts are "chemically mi 1 Icd" in .I solution of phosphoric. 
chromic. and sulfuric acids. Fumes from this opc'rilt ion arc. "scrubbed" in a caustic 
scrubber prior t o  discharge into the filter plcmuin. 

Some beryllium is welded by melting regions of a part .ind mixing i t  with molten 
aluriiinum. This work is .11ways done in ii protected environment. either inert gas or 
vacuum. Beryllium is analyzed .it the Kocky t'l.its i'lmt by certain laboratory opera- 
tions. Hesulting residues are disposed of by pack.iging .and shipping to long-term 
storage at a DOE-approved s i t e  (see Section 2 . 7 . 4 ) .  

! 

2 1 5 . 3 . 2  Health and Safety Aspects of liandling Brrylliuni 

Many beryllium compounds are toxic and. i f  inh.tled. can give rise to  clinical 
conditions frequently characterized as "beryl 1 iuin disease." Other terms are some- 
times used, such as "berylliun, poisoning," "bt.ry111urrl intoxication.'' dnd "berylliosis." 
Inhalation is the primary mode of beryllium entry into the body, and clinical symp- 
toms may be either acute or chronic. The effects of acute exposure include 

1 .  Skin effects such as dermdtitis. conjunctivitis. and ulceration of conta- 
minated lacerations. Healing of contaminated wounds may be incomplete 
until the beryllium is removed. 
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2.  Upper respiratory e f f e c t s  s u c h  as  swollen mucous membranes, bleeding, 

3. 
f i s s u r e s ,  and ulceration. 
Lower respiratory e f f e c t s  s u c h  as cough, chest. pains,  and shortness o f  
breath. 

4 .  Chemical pneumonitis and pulmonary edema. 

Chronic beryllium poisoning usually a f f e c t s  the respiratory t rdct .rnd often 
occurs a f t e r  a long latent period of  5 to  10 years,  or even 20 yedrs ur mort.. The 
chronic disease is often triggered by a biological trauma such as i l l n e s s ,  surgery, 
Or pregnancy. Death may occur a f t e r  a long duration dnd is u s u ~ l l y  caused by pulmonary 
insufficiency or heart fa i lure .  In recent y e a r s .  long-term stc*roid therapy has 
proven e f f e c t i v e ,  and the prognosis of rhrorirc beryllium disenw has becn altered 
favorably. 
the €PA i n  establishing rff luent l i m i t s .  .md Iitct-nture co\rring t h i s  w o r k  is ava i l -  
able (USEPA. March 197?). 

Detailed evaluations o f  I~eryiliuiri hc.11 t h  e f f c c t s  h . w .  bcen performed by 

/ 

Protective measures against dust containing bc,ryll  i u m  pirt  i c . 1 c . s  require good 

housekeeping; proper vent i la t ion ,  inc luc t ing  t he use t r f  c.sh.4ust h o t r c l s ;  inuwcliatt. 
a v a i l a b i l i t y  of respiratory equipment ; and perforirianc.r o f  crart.,in opt.rCit ions under 
“wet” conditions. Room-air monitoring and sniccir sawplrs  of floors and f i s tures  .\re 
used to evaludte the e f f e c t  iveness of t h c  protect i1.r nwasurt-s. Enip1nyc.c.s i n  hcryllium 
areas wear protect i v e  c l o t h i n g ;  they m u s t  w a s h  before %.at  i n g ,  drinking, smoking. and 

prior to leaving the xork area. l’hesc prtv.iut i o n s  protwt c w p l o : ; c . c ~ s  from inhaling 
beryllium in quantit ies  escerding the Occupat ion.iI 5 a f r t y  and He.tlih :\dininistration’s 
Threslold Limit Value (TLV) o f  2 pg/m3 of a i r  ( t i n , .  leiglitt.d c’onc.c‘r.tr,r~ion for an X- 
hour day of a 40-hour w e k ) .  
t ent ly  average less  than 102, of the T1.Y. 

A i r  samples collertrd on beryllium operaticins consis- 

In 1972 the Ndtional Ins t i tu te  o f  0ccupntion.iI S a f e t y  arid Ile,ilth (N10StI! issued 

Much 
a “ c r i t e r i a ”  document concerning beryllium and 1 isted i t  a s  c.irc:nogenic. More 
recent ly ,  NIOSH proposed that the standard c t t  2 pg/m’  hc lctwerrd to 0.5 pg,‘in . 
of the basis  for t h i s  proposed reclu-tion K ~ S  the result of a scrirs of rcports,  
Bayliss I and Bayliss I I  (NIOSII, 1971 arid 1972) and papers hv T. F .  Mancuw (1979) 
and W. D. Wagner and o t h e i s .  (1969). h 1atc.r report,  H.tyliss 111, t.lainis on epitlemio- 
log ica l  grounds that humdn beings exposed to beryllium incur .I lung cancer r isk.  I f  
accepted, t h i s  report strengthens the Covernmt-nt ‘ s  case. These papers have producrd 
discussion about the carcinogenic potent i.31 of  beryl! ium because 131 the controversial 
interpretations and data included in the reports (Shapley, 1977). Nmcuso’s study 
suggested a s l i g h t l y  higher cancer ra te  in those persons having prior respiratory 
i l l n e s s .  Industry has sharply questioned the data and in terpre ta t ims  from these 
reports.  I t  has been pointed O U L  that the largest number of lung cancer cases in the 
Bayliss  I I I  report occurred among vorkers employed by the industry f ive years or l e s s  
and that  four cases that had been c l a s s i f i e d  as be ing  

3 
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there for approximately 20 years actually worked there a year or less. Noreover, it 
has been found thdt of the 47 reported lrng cancer cases, some 30 had worked for the 
beryllium industry less than 1 year, 24 had vorked less than 6 months. I7 had worked 
less than 3 months, and 1 had been hired and terminated the same day. 

These studies, which in themselves have questionable statistical validity, have 
been performed on occupationally exposed persons where the levels of exposure are 
much higher than environmental Ievels to which the public might be exposed. 

2 . 5 . 4  Urani um Fab_ri ca t ion 

2 . 5 . 4 . 1  Opera t ions 

Depleted uranium, enriched urdnium and, intermittently. uranium-233 are handled 
at  Rocky Flats. 
0.7% of the total weight. Complete chemical analyses o f  all uranium alloys are 
conducted routinely in the AnalyticaI Laboratory. which uses samplts o f  machine 
turnings, saw chips, or broken parts. 

Depleted uranira has a percentage of uranium-235 smaller than the 

The fdbrication of depleted uranium alloys is an important process at Rocky 
Flats. An electrode consisting of a depleted uranium tube is filled with appropriate 
alloying material. The tube and contents are arc-melted into a cylindrical copper 
nrold. This mold is vater cooled in a closed system. The first-meit ingots becoae 
the electrodes for arc remelting into ingots having slightly larger diameters. These 
ingots are then sawed into billets or pucks for further processing. 

Consolidation of recycled, depleted-uranium-alloy scrap is the main function of 
one of the Plant's foundries. Large ingots ior extrusion, rolling, and forging are 
also cast in this area. Occasionally. shaped castings are made thai require only 
finish machining. This foundry also stores feed uranium and burns waste uranium 
chips and scrap into an oside form for WE-approved. off-site storage. Rough-formed 
parrs or rough castings are turned into finished parts in this general area. After 
being inspected and before final off-site shipment, finished parts are assembled into 
a component or are packaged and stored. 

Depleted uranium alloys can be rolled, formed. extruded, shearspun, and swaged. 
Rocky Fiats has the capability of  machining billets from foundry-supplied ingots, 
machining test specimens. and mechanically and metallographically testing the specimens. 
Vithin this uranium processing area are billet preheating furnaces, vacuum heat- 
treating furnaces, and ovens capable ot annealing and age hardening any of the alloys. 
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Uranium-233 i s  occasionally handled at the Rocky Flats Plant. It is handled 
within glove-box containment because of its specific activity being higher than other 
uranium isotopes handled at Rocky Flats. 

The Plant has the capability for the machining and assembly o f  enriched uranium. 
Parts returned to Rocky Flats because of age are disassembled, and the enriched 
uranium is separated and sent to Oak Ridge. Tennessee for recycling. 

2 . 5 . 4 . 2  Health and Safety .aspects of Handling uranium 

Enriched urmium tontdins alpha-emitt ing radionuclides. As ill all work areas, 
handling prccaut ions for uranium include the use of facilities having adequate ventila- 
tion. as reconunended by the thcrican Conference of Governmental lndustrial tiygenists 
(ACCIH) (19?[4). Air samples and smear surveys are taken to verify the effectiveness 
o f  the controls. The radioactivity of depleted uranium is small per unit weight; 
therefore. the principal concern khen working kith this material is the element's 
chemical toxicity. If taken into tht. body, depleted uranium can cause damage to 
vital organs. The kitlntys may be damaged as a result o f  uranium entering through a 
break in tfic skin. Inhalation may cause lung d.*mage. Employees who handle uranium 
are required to shower before lcaving d uranium area. 

2.5.5 Fabrication of Other F1etal-s  

2 . 5 . 5 . 1  Operations 

Equipment exists  at Rocky Flats for roll ing. conventional forming. hydroforming, 
high-energy- rate forming , extruding I heat t reat i ng , shearing , mach i ni ng , elect ropl at - 
ing, and inspecting many kinds of nonradioactive metals. In addition to beryllium 
(discussed previously), stainless steel and aluminum are the principal metals fahri- 
cated. Tantalum. tit.anium. tungsten. copper, cadmium, gold, silver, lead, and nickel 
are a150 used at various times for special order work and for research and development. 

Forgings, pressings, and bar stock are machined by conventional methods, with a 
water-base coolant, into finished parts. 
control machines, engine lathes, milling machines, drills, and automatic threading 
machines. Finished parts are welded. rlectroetched, cleaned, and given nondestruc- 
tive tests such as X ray, dye penetrant, and leak tests. 

The equipment used includes numerical 

Precision machining, and tool grinding shops, located in areas that do not con- 
tain radioactive materials, fabricate tools. gauges, fixtures, graphite molds, and 
cutting tools for all areas of the Plant. These shops work primarily wich tool 
steels and aluminum. They have complete heat-treating facilities, which include a 

salt bath, furnaces. and oil-quenching tanks, and have the capacity for turning, 
milling. welding. grinding, and electrical-discharge machining. 
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Machine shop personnel also work with tool steels and use machine tools to 
fabricate graphite molds. 
of cutting tools from high-speed steels and carbides. 

2.5.5.2 Health and Safety Aspects 

The tool grir,ding shop is used for fabricating all types 

RIaborate dust collection systenrs are used with the machine tools when graphite 
is cut and tools are ground. Coolants are used to control airborne euissions during 
the machining o f  steels and alumiwm. Machinists and metallurgical operations persoc- 
ne1 use personal protective equipment such as eye and hand protection and safety 
shoes. Industrial Hygiene surveys operations involving dye penetrants, welding, 
cleaning. heat treating, and oil quenching to ensure that personnel exposures to 
toxic or naxic-!s materials are kept well below recommended standards. 

2.5.6 Plutonium and &nericium Recovery 

2.5.6.1 Plutonium Recovery 

The primary objective of the plutonium recovery process is the recovery of 
plutonium from a l l  residues generated during plutonium-related fabrication, assembly, 
and research operations. 
content from a few percent to almost pure plutonium metal suitable for use in foundry 
opernt ions. 

Residues normally are solid materials varying in Flutonium 

The success of the overall operation is measured by the purity of the plutonium 
metal produced, adherence to established operating procedures, the generation of a 
minimum amount of waste, assurance that discharges to the environment are at the 
lowest practicable level ( A L A P ) ,  and that all dischdrges are well under all applicable 
EPA, Colorado Department of Health, DOE, and operating contractor emission level 
limits. 

Plutonium recovery processes are divided into two categories, sometimes called 
"fast" and "slow" recovery. Some relatively pure pIutonium residues require only a 
minimum of processing to produce a plutonium nitrate solution from which the pure 
plutonium metal can be extracted. This constitutes the "fast" recovery operation. 
On the other hand, some residues have high plutonium content but require extensive 
purification. 
require multiple operations to concentrate and purify the plutonium into a suitable 
nitrate solution. This constitutes the "slow" recovery operation. Both streams are 
then combined in the part of the process in which the purified plutnnium nitrate 
solution is converted into plutonium metal. 

These residues, plus residues having a low concentration of plutonium, 
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The processing required far low plutonium residues and those residues requiring 
extensive purification ("slow" recovery! consists of the following operations: 

1. 

2. 

3 .  

4 .  

5. 

6. 

Incineration--controlled burning of plutonium-contaminated waste to reduce 
bulk and convert metal compounds to osides. 
Residue Dissolution--acid leaching plutonium residues to get the plutonium 
into solution for further processing. 
Laboratory Waste Processing--recovery o f  plutonium from waste residues oc 
the laboratories that perform sample analyses €or production control or in 
support of development studies. 
High-Level Ion Exchange--selective anion and cation separations of liquid 
forms involving plutonium concentrations exceeding 0.005 g/l. 
Chloride Salt Processing--removing plutonium and americium from molten salt 
and electrore€ining residues. 
Process Fume Scrubbing--cleaning various by-product gases, such as nitrogen 
oxide by washing them with caustic liquids to remove radioactivity and to 
neutralize acidic gases. 

The "fast" recovery process encompasses the following steps, which are required 
to complete the recycling of the high-level plutonium streams and to purify the 
plutonium to the desired degree. These operations culminate in the conversion of 
purified plutonium nitrate solution to plutonium metal. 

I .  

2. 

3.  

4 .  
5. 

6. 

7 .  

Oxide Dissolution--acid d i s s o l u t i o n  and leaching 0; plutonium compounds and 
residues from various sources, yielding a plutonium nitrate solution, 
Feed Evaporation and Batching--concentration and blending of radioactive 
feed to achieve desired concentrations of  acid, plutonium, and certain key 
impurities. 
Precipitation--conversion of plutonium nitrate solution to solid plutonium 
peroxide. 
Calcination--conversion of plutonium peroxide to plutonium oside by heating. 
Hydrofluorination--con\'crsion of plutonium oside KO plutonium tetrafluoride, 
using anhydrou hydrogen fluoride vapor. 
Reduction--conversion of plutonium tetrafluoride to plutonium metal. which 
is then transferred to storage until needed. 
Americium Recovery--additional processing to change this radioactive by- 
product of the plutonium recovery process into oxide form. 

A residue storage area is maintained for storing, transferring, and accounting 
for plutonium content in all materials constituting feed for the operations j u f r r  
noted. This area also includes facilities €or pacbaging residues that are belc,w the 
limit of  recoverable plutonium. The latter residues are transferred to a WE-approved 
storage site. The limits for recoverable plutonium vary according to the type of 
residue involved. 
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The side streams of waste liquids generated during the recovery operations and 
having plutonium content below approximately IOe3 g/l are treated in the process 
waste treatment plant (see Section 2.7.3). 

2.5.6.2 Americium Recovery 

A secondary objective of recovery processes i s  the‘recovery of americium, a 
transuranium element that appears in plutonium materials processed >t the Rocky Flats 
Plant site as the result of the beta decay of ’“Pu. 
significant concentration found in plutoriium materials processed at Hocky Flats is 
2411\m. 

led by shielding. Americium is periodicaIly separated from plutonium residues. 

The only americium isotope of 

Radiation exposure from the gamma radiation (59.6 KeV) from 241&n is control- 

Americium is separated from plutonium metal residues by contacting the molten 
plutonium with a halide salt mixture in an inert atmosphere. The americium is re- 
covered from the resulting salt residue and is sold to the radioisotope pool at Oak 
Ridge National Laborarory, Oak Ridge, Tennessee. 

A quantitative separation of americium from liquid process streams containing 
plutonium is done by a plutonium peroxide precipitation process. 
fraction from this process goes to a waste-treatmeltt facility where it is prepared 
for burial as solid waste. 

The americium 

A l l  americium recovery operations are conta.ned in glove boxes. Shielding from 
alpha and gamma emissions is provided €or each process operation. 

2.5 .6 .3  Safety and Environmental Concerns 

Plutonium and americium are handled with great care and with particular attention 
to the safety of operating personnel. 
cium in any form are condwted in glove boxes or other enclosures to prevent direct 
human contact with the element. 
process arc contained within glove boxes. Strict adherence to operating rules is 
qandatory \see Section 2 . 5 . 1 ) .  

1111 operations involving plutonium and ameri- 

lhe chemicals handIed in th- chemical recovery 

Exhaust gas streams are scrv3bcd to remove by-product gases such as nitrogen 
oxide or sulfur dioxide. 
in Section 2.8. 
discharged to the environment (see Section 2.7.3.2). 

Estimates oE maximum possible airborne emissions are given 
Liquid wastes are handled as process waste liquids and are not 
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2 . 5 . 6 . 4  New Recovery Faci1.icy 

Plutonium recovery operations will be transferred to a new p l ~ t c ~ i - ~ .  facility 
now under construction. The present facility will then be uscd for research activitics 
and limited plutonium recovery operations for out o f  the ordinary p!rltoni...m residues 
that require special recovery tcchniqxes and cannot be accommodated in the new facility. 
These residues can come from either research o r  production operations. The new 
facility will he a four-level, partially buried structure o f  reinforced concrete 
containing about 186,700 square feet o f  process f loor  space. This structure will 
house the physjcnl and chemical operations for recovering and refining plutonium 
metal and americium oxide, plus 3 central vault for interim storage and automated 
retrieval of plutonium mctal, in-process solid compounds o f  plutonium, and other 
mat e r ia 1 s . 

In the new facility, as in the esisting one, piutonium recovery operations w i l l  
be divided into tk.0 general kinds: primary recovery and secondary recovery (compar- 
able to "fast" and "slou" recovery). Primary recovery consists of thase steps re- 
quired to process impure plutonium metal and plutonium compounds to the pure metal. 
Secondary recovery consists of those processes required to reduce the concc 1,tration 
of plutonium in solutions to the lowest practicable level before they are transferred 
to the waste treatment facility. The plutonium recovery processes in the new faci- 
lity Gill be isolated in glove boses, canyons, vaults, piping. process cquipment. and 
conveyor systems that are maintained under a controlled environment. 

The new facility will include a building for fluorine sto:age. with a system 
capacity of approximately 150 pounds. Leak detection capability will be provided. 
The fluorine will be used t o  convert plutonium oside to plutonium tetrafluoride. 

Within the prirnivry recovery operations, impure plutonium metal will be either 
( 1 )  purified through a pyrochemical (molten salt) process o r  ( 2 )  converted to an 
oxide and then processed (together with other plutonium compounds) through a series 
o f  wet and dry chemicdl steps to produce a plutonium metal button of high purity. 
The general steps required a r e  comparable to those previously listed for the existing 
facility. 

Secondary recovery likewise will involve cycling various solutions remaining 
from the primary recoi'ery processes and other sources through additional steps (fil- 
tration, ion exchange, precipitation). This will reduce the residual plutonium and 
americium content to a concentrat ion of IO-' g/l, as determined by precise laboratory 
analyses, to permit transferring the solutions to the waste treatment facility. Any 
residues (or solutions) containing plutonium o r  americium in excess of that limit 
will be recycled back through the primary or secondary recovery operations. 

The modern equipment and improved technology to be used in this facility will 
minimize any release of plutonium to the environment. 
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Problems involving scientific investigation outside the capabilities of produc- 
tion personnel and equipment are the concern of Research and Engineering (R&E). 
Research efforts are chiefly directed toward developing and inproving the methods by 
which metal parts are produced for nuclear weapons. 

Research in the production-oriented fields of metallurgy, coatings, joining. 
material evaluation, nondestructive testing, machining. assembly engineering, and 
chemistry is conducted by many R&E groups in several areas of  the Plant. 

2.5.7.1 Hetallurgy 

The Physical Metallurgy group conducts fundamental investigations into the 
properties and behavior of a numbcr of materials such as ?lutcnium. beryllium. 
uranium, and several grades of commercial ferrous dnd nonferrous alloys The effects 
of  fabrication processes and chemical composition on crystal lattice parameters, 
microstructure, and mechanical properties dre evaluated to characterize the materials 
and tb improve or control the processes. Metallurgical support i s  provided for the 
development, process problem solving. and improvement of fabrication processes. Test. 
procedures for material evaluation are developed and implemented. 

Laboratory facilities provide capabilities in the areas of X ray diffraction, 
electron miczoprobe analysis, transmission and scanning electrcn microscopy, optical 
metallography, dilatometry, and mechanical testing. Alloys are melted and heat-treated 
on a laboratory scale. 

Plutonium Metallurgy personnel perform metallurgical studies in the 700 Comples. 
Gr-Jup projects encompass conventional casting, rolling, and forsing of plutonium and 
its ailoys. In addicion, the metals may be fabricated by less conventional techni- 
ques such as swdging, high-energy-rate forging, electroshaping. and isostatic Fres- 
sing. Extensive plutonium alloy studies are performed thbt require heat-treating, 
dilatometry , metallography , X ray di f irac t ion, micro- and macrohardness tesc ing, and 
mechanical testing. Powder metallurgy is also available iis a fabrication techcique. 
Plutonium Metallurgy provides Plant-wide metallographic services for plutoniiim- 
containing samples. 

The activities and operations of the General Metallurgy group involve the fabzi- 
cation of  beryllium, uranium, and stainless steel alloys as a primary concern. 
Hachining, cetal lography, and mechanical testing also support the fabrication program. 
Casting operations are done in the Production Foundry and in an R&D facility. 
Rolling is done in a Production facility and in another building in the 800 area. 
Other metalworking operations, such as forging, extruding:, deep-drawing, shear- 
spinning, and swaging are also done in the 800 area. 
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Health and safety aspects of handling plutonium and of plutonium facilities 
(Sections 2 . 5 . 2 . 2  and 2.5.1.1, respectively), beryllium (Section 2 . 5 . 3 . 2 ) .  and uranium 
(Section 2.5.4.2) apply to R&D . just as to Operations. 

2 . 5 . 7 . 2  Coatings 

The Coatings group develops physical vapor deposition processes. This includes 
electron-beam and eIectron-bom~,ardment evaporation, hot hollow cathode ion plating, 
and other coating techniques. Many materials such as gold, silver, platinum. chromiun. 
molybdenum. tungsten, beryllium. depleted uranium, enriched uranium, plutonium, 
aluminum, titanium, copper, anti stainless steel are empl7yed in this work. The 
function of the group i s  to develop coating processes for veapon applications ds 
special order vork and support to Production. 

, // 

- 

Thc Coatings group has 18 major coating systems. A coating systvm is composed 
of a vacuum chamber, a systen! of vacuum valves and pumps, multiple electrical power 
supplies, controllers. and instrumentation. These coating systems a r c  located in 
seven different buildings and occupy about 10,000 square feet of floor space in K&D 
laboratories and product  i o n  areas. The deposited coatings are characterized using 
technologies discussed in Sec~ion 2.5.7.1. 

.- 

I 

Plutonium <’cat in;: operat ions .ire contrtined inside glove hoses. A l l  o t h t r  codt- 

ing operations t a k e  pliicc. inaidc steel or glass  vacLum chambers. The diffusion 
pumps, cold traps. and filters on ‘I.iicuum pump exhausts prevent the escape of deposi- 
ted m a t e r i a l s .  Funic- hoods with strong a i r  drafts are provided i n  the. 1-iboratory 
c~rc.is for .ic.id-rtrhing opt-rat ions irnd cleaning equipment. Washe chemiccEl residires 
are placed t.ither in spc.c.iiiI process drains or in special plastic bottles for ship- 
ment t o  on-site processing facilities. All exhaust air from the laboratory areas is 

filtcrcd before i t  is rr.leilsc4. Air samplers installed in the iaboratorit*s detect 
the presence of airborne mntaminants. Should a concentration o f  cont.mrin.ints ap- 

. .  proach preset safety limits. slarms wouId be activated. The source is identified and 
corrective action i s  taken iis appropriate. Air sampling is conducted at operat:ons 
involving tosic materials outside glove boxes t o  verify that controls arc adequate. 

2 . 5 . 7 . 3  Joining 

This  organization is devoted t o  research and development of processes and equip- 
ment to support metal-joining requirements L €  new weapons programs, t o  improve esis- 
ting joining processes, and to support manufacturing on productior. joining problems. 
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2 . 5 . 7 . 4  Nondestructive Testing 

The Nondestructive Testing (NDT) orgdnizat ion prrforms the nt-crssary reseawh 
required to develop advanced nondestructive te5ts f o r  new weapcns systems. I t  dppl ies 

developed test methods to new and esisting weapons programs. transfer3 these tests to 
Nondestructive Testing NDT Operat ions, and follows up with support to SDT Opcr.tt ions 
for any process impro\*emenLs o r  trouble-shoot ing that may be required. 

2 . 5 . 7 . 5  Machining and Cagirg 

This organization develops ma-hining techniques for .a1 I n t w  wr.ipons progr.inis .and 
supports manufacturing in-process improvement and prricrss t rout~lt-sho~~t ing. Ywhi n i ng 
and Gaging R6D is engaged in research on new mac*hining tt*chnology tc; devt.lop surf,it.es 
that have greater contour accuracy, improvtad surf4tc.r finish. .inti t o  dc*vt-Ir>p imprtivcd 

gaging met hods. Machining t cc  hnologi c s  such i f s  el et-t rod i sch.irgcb m.wh i n i ng , I' I tbc-t ro- 
chemical milling and grinding, and precision 1.1pping h.nx. h w n  dv\*c.lop~-I. 

2 . 5 . 7 . 6  Operations and Plans 

This group is responsible for program planning of Hhl) .ict i\.it ies. tiucigt*t c o n t r o l .  

and process developirient cGordinat ion. This dt.p.irtmr-nt does no 1et.hnic.tl work. 

2 . 5 . 7 . 7  Control Systems D+\*eIopiiient 

This group is responsible for applying microproL.es>or t-ontrol tc.c.hno1ogy to  

product ion equipment to automate proc.essc*s. ?he hoik is prinL-ipal lv r l t b c t  r i c a l  and 
electronic in nature. 

2 . 5 . 7 . 8  Chemistry 

Chemistry N&D i s  concerned with (1) e\.dludting field return units. ( 2 )  corrosion 
esperinients w i t h  plutonium, (3) the effects of 1'4i~1~ion on oi.itvri.ils. ( 4 )  surface 
chemistry, (5) radiometric counting systems to aSSdi). plutonium i n  procrss scrap resi- 
dues, ( 6 )  monitoring instrumentat ion to prei'ent unauthorized movement 0 1  nuclear 
materials, ( 7 )  environmental sensors. (8)  digital logic systems f o r  process control, 
( 9 )  methods for incinerating radioactive wastes, (IO) vitrification, cementing, or 
coating incinerator ash for long-term storage, (11) methods for concentrating noncom- 
bustible liquid wastes, (12) processes for recovering and purifying actinides from 
waste streams. (13) improved processes for recovering and purifying plutonium by 
chemical, pyrochemical, and hydriding techniques, ( 1 4 )  metal cleaning and polishing, 
(15) improved giwe-box gloves, gaskets, bags, bag closures, and filters, (16) water 
recycle systems, (17) containers for packaging, shipping, and storing long-lived 
transuranic nuclides off site, and (18)  new dissolution, precipitation, solvent 
extraction, and ion-exchange recovery techniques. 
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2 .5 .8  Special Order Operations 

In addition to war reserve (MI production. special fabrication, testing, and 
assembly are provided for weapons development programs. Such special order projects 
are completed by special engineering and assembly groups. Special order K o r k  most 
often centers around WR prototypes. Kith DOE approval, however, it may also include 
work outside WR programs, such as modifications to truck tractors, trailers, railroad 
cars, and escort vehicles for the safe and secure transportation of nuclearmaterials. 

2.6 SUPPORT ACTIVITIES AYD FACILITIES 

In close support Of the principal Plant activities described ir, Section 2 . 5  are 
the following Plant functions and systems: Quality Engineering and Control; Health, 
Safety, and Environment; Security; Utility and Xaintenance Services: Electricity; 
Fuel Systems; Inert Gas Systems; Water System; Steam System and Haterial Shipments. 

2.6.1 Quality Engineering and Control 

The functions of Qudlity Engineering and Control (QEMT) are to ( 1 )  maintain an 
effective quality program thru established quality manuals and plans, ( 2 )  establish 
requirements for quality based on design and contract specifications. ( 3 )  ensure that 
procurement and warehousing of materials conform t o  established requirements. ( 4 )  

provide the controls o\*er fabrication and assembly procedures. tools and gauges. 
nondestructive tests, chemical analyses. and shipping necessary to ensure that the 
products are built and delivered as required, and ( 5 )  analyze the causes of inadequate 
or variable quality to improve the product. These functions require inspecting, 
testing, calibrating equipmmt , performing chemical analyses of materials. obtaining 
corrective action when necessary, and issuing reports. QEM: is divided into five 
main sections: Quality Engineering, Service Laboratories, Standards Laboratory and 
Instrumentation Management, Nondestructive Testing, and Quality Acceptance. 

~ 2 . 6 . 1 . 1  Quality Engineering 
I 

The operating contractor maintains an effective quality program to ensure requi- 
site levels o f  quality throughout all areas of contract performance. Quality will 
not be compromised in relation to costs or schedules. Controls are established and 
maintained through entire manufacturing processes from procurement of raw material to 
shipment of finished product. Results of inspections, tests, and evalxations are 
documented and analyzed for preveiiting or detecting and correcting deficiencies. An 
auditing progrsm ensures that established quality and operating procedures are being 
followed. 
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After design reviews have establirhed material requirements, suppliers are 
selected on the basis of audit evaluations and past performance. Suppliers are 
required to submit specified test datd Kith incoming material. When received at 
Roeky Flats, the material is subject to verification inspection and tests. Any 

detected nonconformance is reported and appropriate corrective action is taken. 

Numerous process control techniques are used as circumstances warrant. All 
operating procedures are first approved by Quality Engineering. Processes and product 
are  qualified according to predetermined plans. The product is inspected or tested 
at the start of a production run and at  established in-process intervals to ensure 
continuing competence of people and processes. Statistical quality control methods 
are available as process control tools. Any defects in the finished product are 
documented and are analJzed to detect trends or unsatisfactory conditions as a basis 
for management attention and correcti\,e action. 

2.6.1.2 Service Laboratories 

There are three main service laboratories: 
1. 

2 .  

3 .  

More 

0 

0 

0 

0 

A Plutonium Laboratory measures the plutonium. the impurities. and the 
alloys in metals.  liquids. and oxides. This laboratory can analyze gases 
and organics by mass spectrometry. gas chromatography, and by infrared and 
thermal techniques. I t  can me,isure the isotopes of plutonium, uranium, 
boron, and other elements. 
A General Laboratory analyzes samples of uranium. stainless steel, gas, and 
eirvironmrntai and miscellaneous samples. I t  can dlso use analytical methods 
such as atomic absorption, neutron activation, and X-ray fluorescence. 
A Radiochemical Laboratory ar.alyzes samples from Chemical Operations and 
measures tracer elements. It also makes microscopic, calorimetric, X-ray 
diffraction, fluorescent, and special investigations of miscellaneous 
samples . 

specifically, the service laboratories perform the following functions: 

Assay WR buttons, ingots, and samples for impurities, isotopic content. 
alloys, and major elements to determine compliance with chemical specifica- 
tions and process controls; determine impurities in gases for compliance 
with specifications. 
Determine compliance with chemical specifications of miscellaneous vendor 
materials, such as glove-box gloves, chemicals, and aluminum. 
Determine plutonium, uranium, and impurities in re-submitted samples and 
chemical standards, with the required precision and accuracy. 
Heasure inventory samples of metals, oxides, solutions, scrap, and sludges 
for plutonium and uranium content. 



Determine the elements requested in R&D samples for development control. 
Analyze environmental samples €or compliance with State and Federal regula- 
tions. 
Develop and improve analytical methods €or existing and new programs. 
Support other Plant operations such as Production, R&D, and Environmental 
Sciences with analyses. investigations. and measurements. 
Coordinate eschanp! programs for plutonium metal and isotope samples, 
beryllium samples, and plutonium oxide calorimetry samples; participate in 
uranium-metal sample program. (The exchange programs are with other DOE 
contractor and vendor laboratories to improve precision measurements, 
discuss methods and instrumentat ion, and improve communications.) 
Participdte in programs sponsored or supported by W E  such as Safeguards, 
Half-1.i f e  Studies of Rddioact ive Isotopes, herican Society for Testing 
Matc*ri*ils (AST?l), and .Joir.t (U.S. and U.K. )  Working Group (JOWOG),  and pro- 
grams to e\~aIu,it~ prccisicln nlt'dsurements and de;reIop related analytical 
met hods . 
Maint-iin rfficic-nt l , ~ l x > r ~ t ~ ~ r y  oprrations by the use of certified equipmert 
and prown met hods. 

These Service 1.dmr.itorit.s ha\.r* the health and s a f e t y  features found in all the 
process buildings: h r , i t ,  neutron, and dipha radint ion detec:ors. fire and sprinkler 
system alarms connected t o  the t i r e  Ikparfmtrnt , fire-rated doors. emergency generators. 
two and four-stdgt' ttC:I'A t*sh.iust fillers. c - y v  baths, safety shouers. Safety glass in 
mos *- gl o w  1xst.s , and supp 1 i c d -  4 i r inpa i 1 ab i I i t y . 

2 . 6 .  1 . 3  Stdnddrds I.dbor.itot-y dntl Instrunwntation Management 

A third section of Qu,ility Enginwring dnd Control is the Standards Laboratory 
(which includes t h r w  separate laboratorit~s: Chemistry Standards. Dimensional Metro- 
logy. and Physic-dl Y e t  r o l o g y )  and lnstrunientat ion Management. 

Chemistry Standards cdlibr,rtcs and certifies chemical, isotopic, calorimetric, 
radiometric, and vo1uriiet ric in~'~suren~.nts. Dimensional Metrology calibrates and 
certifies measurements o f  length, angle. surface finish. roundness, and other reldted 
conditions. Physical Metrology calibrates and certifies electrical, environmental, 
and mass measurements and standards. The functions of these three groups arc as 
fo l  lows : 

0 

0 

Maintain certified reference standards and measuring equipment €or trace- 
able program measurements; maintain laboratories and provide staff suitable 
for these activities. 
Provide measurement services, such as calibration and control programs, and 
capabi 1 i ty surveys. 

. 
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o Maintain adequate records of calibration daLa and equipment status; notity 
users o f  the calibration stdtus of their equipment. 

The Instrumentation Management group controls instrument purchase, use, and 
disposal for the Plant, and periodically audits the equipmenr. Its central manage- 
ment emphasizes documentation of the use, mainlenance, and calibration of equipment, 
to ensure f u l l  utilization. 

2.6.1.4 Xondestructive Testing 

Kondestructive Testing (NDT) provides senvices for  the \ * a r i o u s  m.tnuf<#cturing 
operations. SDT tests are performed to evaluatc product. Groups l i k e *  Wdstc ?Ianagr- 
merit, Industrial Safety. and Ndintenancc also use SDT scr\Ticrb f o r  r h r  f o l  lowing 
teats: 

I .  Dye Penetrant for surface anomalies. 
2 .  Radiography ( s  rap and gairuna) for intrrndl dcfPc.ts, g d p 3 .  pWitic.ins, dntf 

3.  Ultrasonic Scanning for w l d  penetrnt ion. internal dtf t -c ts ,  bcmd ~ntcgri?y. 
4. Eddy Current for weld penrtrdtion. cod1 ing thickness. 
5 .  Acoustic Emission for yielding of iiidtcri.il undthi- str't-ss. 
6. Tcrnsile Testing for specific physical prop:t-t  iths ef nidtt-rials. 
7 .  Leak Checking for l e a k  r a t e s .  

8 .  Density Determination of  iuaterials. 
9. Weighing. 

me G su remen t s . 

10. l.cak, Eddy Current. Pressuic. D r o p ,  'JcnsJlr, .~nd B u r s t  Tt.sts for X a s t t :  . 

.Llar:ageniel; t . 

Nondcstrucrive Testing pcrforms the follohing f u n c t  IUIIS: 

0 Eualtldtrs test results for compliance kith dck-epl'tnte c ritc.rid. 

, o M.iintdins records of t e s t s .  

I o Reports defective conditions. 
o Develops testing procedures to OICCL thc dentmtls of sptci firarions. 
o Works with design agency NDT group+ t o  vnsure continuity in clrsign intent 

and establishes new techniques and parmeters. 

2.6.1.5 Quality Acceptance 

This section of Quality Engineering and Control is appropriately discussed last, 
for it acts as the Rocky Flats Plant's agent in certifying the product to the custo- 
mer. To accomplish its goal;, Quality Acceptance is divided into three inspection 
groups, one each in the 4 0 0 ,  700, and 800 Areas; a Gauge Control and Evaluation Group 
in the 700 Area; and a Final Quality Acceptance and Certification group in the 400 
Area. 
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Kt*vit-\is qual  i t ?  c*\*ittvnr.t .  f - o r  l .Ofll lJ~i, in<’C! K i t h  s p c c i f i t . . i t  i o n s a  
Ensurcbs th.it  n i . i t i ~ r i , i l s  c > t -  p.rrt s t o  tw , i c . c . c , p t cd  <.in Iw t rxc .d  t o  . ic .c .c .pt  - 
ab1 e s o u r c e s .  
!%ikt-s c t * r t . r i n  t l ic i t  -11 1 opt.r.it i r ) n s  hdvt. Iic.c,n x.11 i s f - a c t o r i  I s  p*rlc~rnivd 
a c c t r r d i n g  t o  the c u r r c w t  w t - i  I t e n  ptat . c . t iur t*s .  

P h y s i c . r l  ly c o n t  rcsls p r o c u r t . d  l i K  p r o d u i - t  . W,istv Y,inag:cnwnt s u p p l  its:;. 
a n d  i n - p r o c e s s  tii.Jtc.ria1 u n t  i I r e q u i r e d  i n s p e c t  i o n s  .tnd ttkst s .irv 

cornp 1 r t c * d  . 
Keeps r e c o r d s  o f  WK product. 

As d i r c c t c - d  by UOE Q u a l  i 1)’ A s s u r a n c e  I n s p e c t  i o n  I’r-occdurv ( Q A l P )  
i n s t r u c t  i o n  s h e e t s .  a c q u i r e s  the n e c e s s a r y  q u d l i t y  e v i d e n c e  mt! o r i g i -  
nates the C e r t i f i c a t e  of I n s p e c t i o n  (Cl) for p r o d u c t  t o  be s u b n r i t t r d  
to DOE’S Q u a l i t y  r l s s i l r n n c e  inspect ior! A g e n c y  (QAIA)’.. 
As the a u t h o r i z e d  a c c e p t a n c e  q e n t ,  s i g n s  the CIS t e r t  i f y i n g  t o  DOE 
that t h e  p r o d u c t  meets s p e c i f i c a t i o n s .  
A s s e m b l e s  s t o c k p i  l e  records for storage p e r  d e s i g n  specificat i o n s .  
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From i t s  I w g i n n i n g  i n  t h e  e . i ~ l y  195O’s,  Rocky F l . i t s  h a  . 1 I w a y s  had a a f e t y  
pri)p,r.iin d e s i g n c ~ d  t o  prwnote pc.rsrmnc.1 satc-ly a n d  p r o t e c t  i o n  o f  t h e  e n v i r o n m e n t .  The 
program is t l r t . i i  l e d  i n  t h e  I k a I t h .  h t c t y .  m d  Environment !&inual d e f i n i n g  s t a n d a r d  
S d f t * t r  p o l i c i e s  dnd pr.irt i c e s  f o r  t h c  fol l o k i n g  sub.jtActs: A c c i d e n t  P r c w m r i o n .  
A c c i d e n t  I n v e s t  i g a t  i o n  and R e p o r t i n g ,  C h m i c n l  S d f r t y ,  E n g i n w r i n g  and C o n s t r u c t  i o n ,  
E l c . c t r i c . t l  S a f e t y ,  Esplosives S.IfeKy. F i r e  S a f r t y ,  Gt.nt.r,iI I n d u s t r i a l  S a f e t y .  H e a l t h  
S c i e n c r s ,  I n d u s t r i a l  lfygic.ne, I .md Use. h s c r  S . t t r t p .  . % i t ~ . r r ~ t l  )I.tntll i n g ,  X e c h a n i c a l  
S a f e t y ,  f l c t . I l s  S a f c - t p ,  P 'tal Program, NucIc.ar C r i t  i c . i l i t y  S.1fcty. Pressure S a f e t y .  

Person.ri P r o t e c t  i1.r Equipnient , k i d i d t  i o n  P r o t e c t  i o n .  S i g n s  .ind V,rrning D e v i c e s .  
T r a f f i c  S . i t c t y .  T r a i n i n g ,  a n d  Waste D i s p o s a l .  

T h c  e f f e c t  i v r n c s s  of t h e  H e a l t h .  S . r f c t y .  and Environment Progrm is h i g h l y  
dependent  upon t he  s k i l l e d  m t l  c o n s c i e n t  ious act i o n s  of i n t f i i -  t h i 1  c n i p l o p e s  and 

f u n c t  i t m i l  gi-oups of t h e  t ’ l i rnt .  
has .rlu.iJ’s b e e n  a part o f  t h e  oper.iI i o n s  a t  t h v  Rocky F l . i t s  I’ a n t .  
1977. sever.11 new c ‘vrt  i f  i c a t  i o n  courscs h.i\w Iwtm dc\*elopr*d and implemented t o  e n s u r e  
thiit  pc*rsonnvI  .ire t h o r o u g h l y  I r , i i n t - d  i n  thcir art-as o f  responsibility. T h c s e  c e r t i f i -  

Cdt icms p r o v i ~ t ~  docunit*nted a s s u r . i n t . r  t h a t  

r e q u i r e d .  
imp I c ~ i c ~ ~  t ect . 

To havt. .I knouIedgt*.ibic. xork forcc.. s a f e t y  t r a i n i n g  
S i n c e  J a n u a r y  

t r , t i n i n g  and r < * t  r d i n i n g  arc accompf i s h e d  ds 
Currt-nt l y  tnv-r 35  c t s r t  i f i c . a t  i o n  (lr rcccrt  i f i c a t  ion courses are b e i n g  

To lostet -  .ix.ir(.nt-hs of s < i I ( . t y  <ind vn\~ir-cmnrentnI r c b s p o n s i b i l i t  i e s .  s a f e t y  m e e t i n g s  
are h e l d  i w n t h l p  by opt.r.it ing ,ind supp6)t.t o r g d n i z . i t  i o n s ,  dre.1 i n s p e c t  i o n s  are c o n d u c t e d  
d a i l y  .tnd nionthly .  and S ; i t - e t y  Nul I r . 1  i n s  .Irt’ i s s u e d  A S  n w d e d .  l’he P t a n t  i s  now in 
i t s  t h i r d  p . + r  o f  hd\*ing .an e n i p 1 o y e c ~ s ’  i n v e n t  i\*e program t h a t  e n c o m p a s s e s  a l l  a r e a s  

O C  h e a l t h .  s . i f e t y ,  .and c n v i  r o n i a c n t a l  pc.rf<,roianc-e. 
coupons tor nrwt i n g  p r e c k t  e r i n i n c 4  g o a l s  b a s e d  upon i m p r o v i n g  p a s t  p e r f o r m a n c e .  I n  
a d d i t  i o n ,  s ; i f t . ty  nreet i n g s  and p v r i o d i c  d l l - e m p l o y e e  m e e t i n g s  w i t h  t h e  C e n e r d l  Manager 
c n i p h i t s i t c  e e i p l o y r r  a w a r e n e s s  for p r o t e c t i n g  t h e  P l a n t  and the e n v i r o n m e n t .  

Employees  a r e  awarded c a s h  e q u i v a l e n t  

T h e  I l e a l t h .  Scift . tp ,  a n d  Envi:onnrent DepdrKnient works  w i t h  f u n c t i o n a l  g r o u p s  to 
e n s u r e  t h a t  P l a n t  o p e r d t i o n s  arc conductchd w i t h i n  F e d e r a l  and S t a t e  r e g u I a t i o n s ,  ERDA 
Manual Ch.3ptc.r l i m i t a t i o n s ,  a n d  DciE and o p e r a t i n g  c o n t r a c t o r  g u i d e l i n e s .  P o t e n t i a l l y  
h a z a r d o u s  o p e r a t i o n s  are  a n a l y z e d  from t h e  s t a n d p o i n t  o f  w o r k e r  s a f e t y ,  n u c l e a r  
cr  i t ica 1 i t y  sa fe ty  , rad i a t ion p r o t e c t i o n  , f i re s a f e t y  , en1.i ronnien t a l  p r o t e c t i o n ,  and 
i n d u s t r i a l  h y g i e n e .  
1977. S a l i e n t  f e a t u r e s  o f  t h i s  review are as  f o l l o w s :  

T h e  formal.c.Ld s a f e t y  rev ies  program k-as implementcd i n  A p r i l .  

1. 0 p e r a . t i n g  p e r s o n n e l  p e r f o r m  a n  O p e r a t i o n a l  S a f e t y  A n a l y s i s  (OSA) on a 

p r o p o s e d  j o b .  T h i s  a n a l y s i s  i d e n t i f i e s  e a c h  p a r t  of a t o t a l  o p e r a t i o n ,  
t h e  r i s k s  a s s o c i a t e d  w i t h  c d c h  p a r t .  a n d  \;hat w i l l  b e  done to  e l i m i n a t e  
af minimize t h e  r i s k .  

E n v i r o n m e n t  p e r s o n n e l .  

T h e  a n a l y s i s  i s  r e v i e w e d  by H e a l t h ,  Sacety ,  a n d  
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The OSA is then submitted to an independent safety review co.mittee 
comprised of employees from a variety of technical disciplines with a 
chairman and majority members not in the organization originating the 
OSA. 
prior t o  reconunending approval. 
Approval of the OSA and implementation of the operation can be made dt 
the Director (General Staff) level only. Disagreement with any re- 
quirements o €  the OSA by a flirector are resolved first with the 
Health, Safety, and Environment Director or, if that fails, by the 
General Yanager. 

The review committee may require further analysis or changes 

Quality Program Plans have been de\.eloped by thrh various operational, research, 
and support groups to ensure the reliability of protective devices and systems. 
Completed quality program plans include those for glove-box gloces, radioactive 
sources, dosimetry of personnel, nuclear materials safety limits, respiratory protec- 
tion, High Efficiency Particulate Air ("3') filters, industrial hygiene, waste 
processing, and far material packaging. shipping, and transportation. 

The Health. Safety, and En\iironiiient Department A S  divided into the following sis 
groups: Medical, Nuclear and Facilities Safety. Environmental Sciences, Health 
Sciences and Zndustri;ll Safety, Radiation ?lonitoring, and Fire Protection Engineering. 
Its functions are discussed briefly in the folloGing sections. The information on 
the Environmental Sciences prograiils has been updated since issuance of the DEIS to 

reflect current conditions, proc.-dures, and prac t iccs. 

2 . 6 . 2 . 1  Medical 

Guided by the bdsic program defined in EKDA Manual Chapter 0528, the Medical 
Department provides for the health of Plant employees through periodic physical 
examinations and emergency medical care. The Pledical Department has written agree- 
ments with St. Anthony, St. Luke's. and Colorado General Hospitals for the care o f  

radioactively contaminated injured rntployccs. 
I 

12.6.2.2 Nuclear and Facilities Safety 

The Nuclear and Facilities Safety group is divided into the Nuclear Safety and 
Safety Analysis groups. 

Based on its technical analyses of operations involving fissile material, the 
Nuclear Safety group establishes stringent controls of geometry, mass, form, volume, 
and concentration of these materials as safeguards against nuclear criticality inci- 
dents. The standards for operation of the critical mass laboratory are prescribed in 
Chapters 0530 and 0540 o f  the ERDA Manual. 

\ 
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The Safety Analysis group. as outlined in ERDA Manual Chapter 0531 
building con-truction and changes to existing buildings fcr conformance 
standards. The group reviews Plant projects for facility and equipment 
reviews standard procedures and other documents, solicits comments from 
sourctxs of safety information and coordinates these comments with Faci 

reviews new 
with safety ' 

designs, 
all applicable 
ities Engineer- 

ing and Construction. The group reports deficiencies in facilities to management and 
monitors sutxx?quent correct ions. 
safety of changes in the use of space proposed by Industrial Engineering, consolidating 
these reviews and presents them to Industrial Engineering. 

The group also reviews and solicits reviews of the 

Safety Analysis personnel also generate Safety Analysis Reports. A Safety 
AnPlysis Report (SAR) is a document showing that a facility and its safety-related 
systems can bc operdtc-d with redsonable assurance that there is no undue risk to the 
health and s.ttcty of the worker, and that adequate provisions are made for the protec- 
t ion of property and the environment. 

Str\7t*r'il S;\K's  re currrntly being generated, one for the overall P ant site and 
<JlirC'rS for v a r i o u s  plutunium facilities. Those safety-related features common to 
plut~~niuiii facilit its, m d  those that cannot be included with il specific facility SAR, 

.ire discussed in thr. Pl.int S.ifrty ;\nalysis Report. Individuiil facility S M ' s  document 
safety aspects for p.irt it.ulat- ~'Iutoniuin-handiin~ build:ngs ,ind those structures 
bithin the conrplcs th.it support this facility. 

This group routinely monitors and conducts spt-cia1 stUdie:j of the a i r .  water, 
s o i l .  and vcgvtation of the Rocky Fiats Pla,it environnient To, radioactive dnd non- 
r-idio.ict ivc po1lut.ints. This prugrdtn is discussed in Sec*tion 2.10. The special 
studies help t o  underitand and quantify the effect of the Plant on its surroundings. 
Approsim.ttt.ly 90,OOC samples <*re collected and an,jly;zed yearly. In addition, ERDA 
(nok M E )  h.is funded studies by the Unisarsiiy of Colorado and Colorado State Univer- 
sity concerning the Plant's environmental impact. These are discussed io Sections 
2 .  IO. 4 .ind 2.3.10. 

The Environmental Scicnctas group reviews effluent standards and resolves emis- 
sion irregulari t ies, reconmends changes to minimize the envi ronmental impact of new 
construction. and has prepared a land management plan, currently being implemented, for 
the buffer zone (see Section 2.3.10.4). 

The guides used for decision and planning in environmental control and protec- 
tion include ERDA Manual Chapters 0510, 0513, and 0 5 2 4 .  the EPA Safe Drinking Water 
Act ( 4 0  CFR 141), Primary Drinking Water Regulations for the State o f  Colorado, NPDES 
discharge permit (Appendix D), the Colorado A i r  Pollution Control Regulations, the 
Guideline far  Land Disposal of Solid Wastes (40 CFR 241), and the Resource Cci.serva- 
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tion and Recovery Act s it pe tains to disposal ites for nonhazardous wastes. 
Several other standards and regulations. some in draft form, are not directly appli- 
cable to Rockj Flats are presently used as internal guides. 

2 . 6 . 2 . 4  Health Sciences and Industrial Safety 

In accordance with standards outlined in ERDA Manual Chapter 0550, the Health 
Sciences acid Industrial Safety group supports Pl.int oper'ations. Implementation i s  

through the following subgroups: Health Physics (Radiological Safety), Jndustrial 
Safety, Industrial Hygiene. and Radidtion Instrumentation. Health Physics defines 
the air sampling program within the buildings, nuclear criticality alarm systems, S- 
ray equipment, control and accountability for radioactive sources. limits of surface 
contamination, radiation esposure and shieldink requirements, emergency rvsponse. 
personnel protection requirements, and surveillance equipment, and supervises the 

respiratory protection program. Health Physics personnel monitor Plant employees for 
lung and systemic burdens using body counting and radiochemic.il tvchniques. Standards 

of operation are outlined primarrly in ERDA Elanual Chdpters 0524. 0502.  0529. 05%1; 
American National Standards Institute (ANSI) Stnnddrds 5.1. N16.2, 13.1, N-328. 
288.2,  N 2 . 3 ;  and the Rocky Flats Emergericy Plan. 

Industrial Safety supervises the npplicat ion of a variety of published safety 
standards for the protection of employees, the generdl public, and tht. t*nvironmrnt .is 

outlined in EKD.4 Manual Ch.apters 0502. 0506, and 0550. 'The stanc1,trds are defined by 
such sources as the American Nat ionnl Stdnd'irds lnsti tute (ANSI 1, the U . S .  l)c.pnr-tmt.nt 
of Transportation (DOT), the Nation,il Fire Protection Association (NFPA). dnd the 

Occupational Safety and ftodlth Administrat ion ( O S h l ) .  The Industrial sdlety group 

assists supervisors and employees in mdintaining l e v e l s  of perforio.inc.e consistent 
with the Plant's safety program. In additior, to staff support. thr. Industrial Safety 
department is comprised of five Health, Safety, and Environment Are.1 Hcprcsentat ives 
who act as the liaison between the Plant and all HShE disciplines. The IIShE Ar?d 
Representatives coordinate and particilhitc in the development of an Oper'iliondl 
Safety Analysis (USA) for all jobs that have a potential sdfety impact. 

Industrial Hygiene ensures thdt employee exposure to nonradionctiipe tosic sub- 
stances and stress-producing agents is well within established standards. Industrial 
Hygiene personnel assess worker environmental conditions in such areas as noise, 
lighting, and the use of solvents and microwave equipment. The group inventories 
hazardous materials and chemicals used in Platit processes. The applicable ERDA 
Manual Chapters are 0506, 0550 ,  and ERDA Appendix 6301. 

Radiation Instrumentation supports the Health, Safety, and Environment Deoart- 
ment's use o f  the best available instrumentation in that department's many functions 
and provides the necessary testing, maintenance, and calibration of those instruments. 
Calibration standards are traceable to the Nativnal Sureau of Standards. 

2-126 



2.6.2.5 Radiation Monitoring 

Padiat ion Monitoring pro\*ides support t o  a1 1 groups in tht .  Hc.rl t h .  Sdfc-ty. and 
Environment orgmizat  ion. Kadiat ion Honi!oring suppr,r ts  1ntlustri.jl 1 l y ~ i i - n ~ .  . l i ’t  i v i -  
t i e s  and Environmental “Sciences in t h e  ~ *oI l t - c t  ion of e f t  luent .and c.nvtrc1niiit.nt.11 .rir 
samples. Kadiat ion Monitoring provides t h e  support necessary to impleuicmt Ik.11 t h  

Physics requirenients for Radiation Cunt rol areas.  This includes survt.ii 1,inct. t o r  
Production, Maintenance, Laboratory, and H&l) operations, . IS  we1  1 .is tor S i t e  Survq  
operations for areas outside the process .and Iahor,itory b u i  td ings .  K.tc t i . t t  I c i n  Eloni- 
toring respons ib i l i t i es  include radiatior.-safety b u i l d i n g  intttictrin.it ions, pertormirig 
contaminat ion surveys o f  personnel .ind mareri, i l ,  .tnd support i n g  dvconi  .min.it iun 
operations with rccommenddtions for appropriatc control measurt-s. I n  .trltli t ion, 
Radiation Monitoring part ic ipntes i n  .itarm responses t o  ev.iIu.itv r.idicition l ~ v ~ ~ l s ,  
supports supplied a i r  operat ions, performs qu<iI i [ , i t  ivc respiraltor t i t  t i n g .  m d  pro-  
vides monitoring support for emergency teams. 

-... 

2.6.2.6 F i r e  Protect ion Engineering 

Fire  Protect ion Engineering (1) reviews ncw b u i l d i n g  construc.t ion < t n d  t * h i i n g r s  to  

e s i s t i n g  hui1tiir.gs for conformmce with f i r ( .  s i i f c t y  s t . ind ; i r -ds .  ( 2 )  pc*rforiiis i t S S < ’ S S -  

n i c n t s  o l  ail buildings and structurt:s ;md tiictiItc.s the requircmc*nts t c ~ t -  Ic-v(.ls of  
f i r c  protection based on DOE c r i t e r i a  such a s  EKDA bt.rnu,il C h a p t e r s  0550 .ind 0 5 5 2 .  (3) 
maintains !iaison with the Kocky Fla ts  F i r e  1)t.p;trtnwnt t o  provide for t h c i r  rcquire- 
ments for all Plant f a c i l i t i e s .  and ( ( 4 )  maintains l iaison w i t h  RF.40 and hi.0 F i r r  
Protect ion personnel t o  ensur,. that t h e i r  requirements arc  iiict . 

2.6.3 Sc_curiQ 

Because o f  t h t .  c l a s s i f i e d  nature of many Plant p r o c c s s e s ,  thr v,ilue of DOE 
propt’rty, and the sa fe ty  of personnel charged w i t h  f ’ l ‘ in t  oper.iLiort, Security pcrfornis 
valu~iblt. supporting services in the area of a c ~ e s s  contro1, PI.ini m d  pcrsonncl 
protect ion. comrrtur ; c a t i c n s ,  document contro l ,  .tnd control o f  specid1 materials.  
These security funciions are defined i n  the Kocky F l a t s  Security M-inual dnd dre 
further ae to i ied  in Section 2 . 1 2 .  
I 

2.6.4 1 J t i l i t y  and Maintenance Services 

All Plant u t i l i t y  systems are operated and monitored on an aromd-the-clock 
bas i s  by stationary operating engineers. The systems included in th i s  surveillance 
a r e  

o Water treatment system (Section 2 . 5 . 8 )  
o Sewage treatment control and disposal system (Section 2 .9 .1)  

.- 
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o Steam production and distribution system (Scction 2.6.9) 
o Building heating, cooling, ventilating, and filtering systems 

o Inert, air-drying, and exhaust systems (Section 2.6.7)  
o Breathing-air life support systems 
o Plant and instrument air supply systems 
o Building vacuum systems 
o C5iIled water and coollng tower systems (Section 2 . 6 . 8 . 2 )  

A minimum of two utility operators are on duty at all times at the steam 2lant 

(Sections 2.6.9, and 2 . 7 . 1 )  

and i n  buildings where plutonium is processed. 
ment plant and the sanitary sewage plant are certified by the Cclorado Plant bperators 
Certification Board. 

Operators monitoring the Wdter treat- 

Support Operations has charge of the Laundry; the Filter Certification Cabora- 
tory: Custodial Services; and the Garage, Trucking, and Labor department. Hain- 
tenance of Plant installations and equipiient is performed by skilled mechanics. 
pipefitters, sheetmetal workers, carpenters, painters, and electricians. 

2 . 6 . 4 . 1  Laundry 

The operating contractor furnishes appropriate clothing and respiratory e q u i p -  

ment to Plant personnel wherever i c  is determined that such clothing and equipment is 
necessarv because of working conditions. The Rocky Flats Plant I-aundry provides 
clean clothing and respiratory equipment to these areas. Laundry personnel launder, 
sort, repair, fold. check for contamination, and redistribute clothing to 16 loclter- 
room areas throughout the Plant. The clothing includes undershirts and shorts, 
socks, coveralls, shop coats, booties, caps, and bath towels. Approsima*el;r 125,003 
to 150,000 pounds of clothing are laundered each month. 

Both full-face and half-mask respirators are cleaned and repaired in the Laundry 
a f t e r  used cartridges are removed. The cleaned respirators are fitted with certified 
cartridges and sent to the certification laboratory. Each respirator is then checked 
for integrity and returned to Sadiation Monitoring stations throughout the Plant. 

The laundry equipment includes thiee 400-pound washer estractors and six 100- 

Full-face masks are washed in a converted 
pound-capacity dryers. 
vasher with a steam-heated drying hood. 
100-pound clothes washer and dried in a !%-pound dryer with tumbler removed. 

Half-mask respirators are cleaned and dried in a spray-type 

The exhaust air from all clothes dryers and washers is exhausted through a HEPA 
filter plenum. The exhaust stack downstream of the filters is continuously sampled 
for any possible plutonium release. 

7- 
Laundry water is piped to Pond B-2, unless alpha 
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radioactiviry concentrat ions esr-ecd 1667 pCi/l. 
through the process waste treatment plant (see Section 2 . 7 . 3  and 4 . 4 . 3 . 1 ) .  

In the latter case, it is processed 

2 . 6 . 4 . 2  Filter Certification Laboratory 

Air that is exhausted from facilities handling beryllium, plutonium, and uranius 
passes through various stages of High Efficiency Particulate Air (HEPA) filters. 
HEPA filter policy and practices are discussed in Section 2 . 7 . 1 .  

The HEPA filters are purchased from \Tarious manufacturers. Before any manufac- 
turer starts production of these filters for the Rocky Flats Plant, the media of the 
filtors must be qualified by &he Rocky Flats Filter Certification Laboratory. ihe 
media is tested for penetration. resistan-e, tnic'kness, and tensile strength. 
Berore the filters are shipped from the factory, the efficiency and resistance of 
each one is determined by the nianufacturer. 

After receipt of the filters dt the Rocky Flats Plant, the Filter Certificatian 
Laboratory confirms the efficiency aid resistdnce of each one. The laboratory checks 
each filter for overall penetration and resistance at rated flow and at 20% of rated 
flow, using procedures developed by the Division of Operational Safety of ME. 

In mnpliance with Occupational Safety and Health Act Regulatiw 1910.134, 
"Respiretory Protection," the L<iboratorp rests all filter cartridges subsequently 
fitted to respirator nidsks. In addition. i t  maintains control of these cartridges 
through their lifetiiiic, and leak-checks each respirator mask. Respiiator masks are 
tested for fit on each user. 

HEPA fi 1 t r r s  and respirator cartridges dre tested on special Iy designed equip- 
ment ut il izi ng a r-eproducii ble, nontos ic, monodispersed, thermally generated aero. 01 
called dioctylphthalate ( I M P ) .  'Ihc test is done with particles having a diameter of 
0 . 3  pm as i t  is  k n o w  thdt particles of this size have masinrum filter penetrability 
(Spurney, et al., 1969). Penetrability tests shou an efficiency of 99.97% for the 
0.3-pm p a r t i c l e s .  A i l  nieasuririg instruinents on the test equipment are calibrated and 
certiCied by the Rocky Fldts Plant's Standards Laboratory, which is officially recog- 
nized as a secondary stdnddrd laboratory by the National Bureau of Standards. 

2 . 6 . 4 . 3  BuildLng Sanitation, Housekeeping, and Services 

The Custodial group a t  the Rocky Flats Plant provides janitorial and general 
hdndyman services for approximately 100 buildings encompassing office, caf teria, 

equipment and high-quality supplies are provided this group to maintain their ser- 
vices at masimum efficiency. 

. .  locker, shower. laboratory, industrial, and stcrage space. Labor-saving janitorial 
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The sanitation and cleanliness levels thro-ghozt these buildings are monit.red 
by the Industrial Hygiene group on a mon~hly hsi3 Pcrrticular emphasis is placed on 
the sanitation of rest rooms, locker rooms, shdwr r r-uns, drinking fountains. cafe- 
te-ias, food vending nachines, and the Fire i)cpz:,mtat's living quarters. 

2 . 6 . 4 . 4  Garage 

The Government-owned inventory of the Garage ccnsists of about 90 vehicles and 
100 items of equipment. The Garage provides preventive maintenance, service, and 
repairs for all automotive and engineering equipment. Radio-controlled dispatching 
service for efficient utilization of  the fleet is also pro-Jidcd. 

The preventive maintenance ( P f l )  schedule for the vehicles and equipment is 
controlled by a coinputerized program and includes exhaust emission tests per EPA 
specificatians. Details and frequencies of PM inspection are e,tablished in accor- 
dance with manufacturer and DOE recormnendatiocs. 

Vehicles arc assigned to the various operating departments for the performance 
of such assigned functions as Plant protection, land and road maintenance, fire 
protection, mail pickup and dclivery. and Plant services. Vehicular mileage averages 
approximately 600,000 miles per year. 

2 . 6 . 4 . 5  Grounds Ho*?sekeeping 

The Trucking and Labor group at Rocky Flats provides housekeeping and main- 
tenance services for all p,rmnds, walkways, roads, and parking areas. 

Drivers operate various vehicles to pick up aird deliver material, equipment, and 
personnel on and off s ite.  They operate snow removal -quipment to clean and sand 
approximately 13 miles of streets and 800,000 squsre feet of parking areas. In the 
winter months roughly 900 tons of about a 1.5% salt to sand mixture are used in the 
sanding operation. They also operate the dumpster trucks for removal of building 
waste. 

Heavy eqilipment Gperators operate various pieces of equipment to provide service 
for groups on the Plant site. They perform such jobs as crane work, backhoe work for 
excavations, loader kork €or various jobs,  and road grading to keep dirt roads up to 
standards. The sanitary landfill is maintained by one operator and one piece of 
equipment. Weed control on 400 acres inside the perimeter fence and along the two 

access roads also i s  maintained by the laborers and heavy equipment operators. Weed 
control operations are discussed in greater detail in Section 2.8. 
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The Labor graup is responsil~lc~ for nirintaining the cleanliness of approximately 
1,000 acres of Plmt area, maintaining fences around the entire Plant s i t e .  loading 
and unloading freight conring in and going oiT the site. and moving ail furniture and 
equipment on .rnd o f f  the P l a n t  s i t e .  Their assignc4 responsibilities also include 
providing help with PI<int \vehicles; outside housekeeping and beautification; planting 
and grooming of . : t i  lawns, trees. .ind shrubs; snow and ice removal from walks and 
building entro.ict.s; road and w a l k  repairs with asphalt (approximately 1,000 tons per 
year); culvert inst'tllation and repair; ro4ent and pest control; and maintenance of 
ditches for water cont rol. 

2.6.5 Electricity 

Puhi i c  Sc.r\*ice Company of Colorddo provides the Rocky Fiats Plant with two 
indt.pmdt.nt sources o f  electrical power. each with 115 kilovolts. The cmtinuous 
rating of each of thtbsc. overhead feeders, one of which enters the Plant s i t e  fro.!? the 
north and one from the south, is 54 million volt amperes (MVA). The utility company 
calculates khat its cdpability at the three-phdse primary diFtribution point, in the 
event U K  n fault or short (often referred to as the fault-level contribution), is 
2.400 MVA from the north feeder and 2,130 PVi? from the south feeder. These fault 
levels may increase in the future. 

The peak deni.ind on the ~lc~ctric~l system has been appr-oxirnately 20.000 kW. This 
figure is c-spt*cted to increase to nearly 30,000 kW \*hen the new plutonium recovery 
and wItste treatment facility begins full operation. Eleccrical energy is now being 
consumed at the rate of I05 million kilowatt-hours per yt*<i r ;  rhis figure will also 
increase. i t  is estimated, Ly about 40% with the .idded load of  the new facility. 

At present thcre .ire four primary substations. Figure 2.6.5-1 shows a typical, 
basic, eIcctriccil distribution system for one of the primary Substations Each 
primary substation is double-ended and secondary-selective with automatic transfer 
capability. In other words, each main substation is constructed so that each half of 
the transformrr can sustain all normally connected loads, and the loads can be 
transCcrred if one of the two 115-kV sources should fail. Since both sour:es of 
power are available at both ends o f  each primary substation through ma-.ual switching, 
the substations can also be considered primary-selective in addition LO secondary- 
select i ve . 

Voltage is stepped down t L  primary substations to 13.8 k'J, and power within 
the Plant is diqtributed at tha: level through 25 miles of  lines to the building 
substations. Most of  these building substations are fed through aerial distribution; 
however, three principal buildings are fed from underground lines. Voltage is 
stepped down again from 13,800 volts to 2,400 or 480 volts at the building substa- 
tions. There are now five substations of 2,400 volts each and about fifty 480-volt 
substations. With the completion of the new plutonium recovery aqd waste treatment 
facility, these numbers will increase to 9 and 54 substations respectively. 
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Figure 2.6.5-1 Rocky F l a t s  Plant Typical, B a s ~ c ,  
Elcctrical Distribution Svstem 
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Transformers at the substations are not protected from the weather; they are 
designed for use under these conditions. However, the switching gear at each substa- 
tion is protected from the weather. 

Building substations for critical-system loads are double-ended and equipped for 
manual or automatic secondary-selective operation. In some cases, primary-selective 
capabilities are also prov.ded. Building substations for noncritical loads are 
single-ended and primary-selective, with manual transfer switches. 

A 2,300-volt series lighting sysiem, automaticallv turned on and off by photo- 
electric cells. illuminates ttie nine exclusion-area fences and the Plant-periwter 
security fence. Emergency circuits powered by diesel generators can illurninat? every 
alternate light during a loss of normal power. Streets are illuniinated by standard 
overhead lamps mounted on power-line poles. Like the fence lighting, the street 
lights and some bui,'ing lights are automatically tul-ned on and off by light-sensin? 
devices. To improve night visiblity from the east and west guard posts, \igh-intensity 
mercury-vapor laffips. mounted about 35 feet high, were placed along the east and west 
approaches to the Plant's two main gates. 

In the event of a total power loss from off-site sourtes, on-site emergency 
generators can power critical functions such as ventilation. humidity control, public 
address capabilities, alarm systems, and building lighting for a t  least 24 hours. 

2.6.6 Fuel Systems 

2.6.6.1 Natural Gas 

Natural gas is purchased from ihe Western Slope Gas Company, which is a subsidi- 
ary of the Public Service Company of Colorado. Public Fervice buys almost all of its 
natural.gas from the Colorado Interstate Gas Company. The Rocky Flats Plant pur- 

- chases its natural gas on an interruptible basis, which means that during periods of 
high usage or need by the citizens served by the Public Service Company, the Plant's 
gas-burning equipment i s  switched to an alternate fuel, such as fuel oil or propane. 
The gas that the Plant would otherwise consume is then available for non-interrup- 
tible purposes such as homes and hospitals. 

An eight-inch pipe carries the natural gas, at a pressure of 250 to 300 pounds 
per square inch (psi), from a metering station south of the P:ant to a gas reducing 
station in the 800 complex. At this station, the pressure i s  reduced to 65 psi and 
mercaptan i s  added at the rate of one pound per million standard cubic feet for early 
detection of leaks. Western Slope's eight-inch pipeline and Rocky Flats' reducing 
station are adequately sized for foreseeable needs. Total natural gas consumption at 
the Plant for FY 1973, 1974, 1975, 1976. and 1977 was 726.3 million, 746.5 million, 
246.5 million, 568.4 million, and 637.2 million cubic feet, respectively. 



Host fluctuations in natural gas and fuel oii usage at Rocky Flats are the 
result o f  variability in natural gas availability to the Plant as an interruptible 
purchaser. If the total quantity o f  natural gas and fuel oil used ac Rocky Flats 
were cclnvrrted to Btu equivalents and then combined, a decreasi1:g usage trend becomes 
obvious (see Table 2.6.6-1): 

TABLE 2.6.6-1 
DECREASING USAGE TREND IN ENERGY C3h’SUMPTION 

1973-1377 

k?! 
1973 
1974 
1975 
1976 
1977 

Billion Btu Used 
973 
867 
84 1 
716 
704 

-- 

T h i s  downward trend reflects the energy conservation program initiated at Rocky 
Flats early in 19 
are: natural gas 

Swct ion 4.t4.2.1). 

Natural R~I:.  

4 .  The con*.?ersion factors used to calculate the data shown 
103; Btu p e r  cubic foot; fuel oil, 138,700 Btu per gallon 

s .In iirherrntly clean burnrng ruel, as indicated in Table 2 

above 
see 

6.6-2. 
.ind i t  is thc preferred fuel for all P l a n t  uses that are stationary. Because of 

Rocky F l - i t s ’  intvrrupt i b l r  s t a t u s ,  however. and the probable shortage o f  ciatural gas 

it1 the forcsc.t..tble future. g r e a t e r  dcpend<*nre on other fuel sources i s  anticipated. 
Curtai lnwnts of rwtural gas supply have increased, although on 3 somewhat cyclical 
b.isis. and p r o j c c t i o n s  of these trends show that as many as 2.000 to 3 ,000  hours of 
inivrrlrpted srrvic.e arty IW ehpccted dclring the &inter months (October through !larch). 

The Enginrcring Group o f  Lne Rocky Flats Plant considers the solar heating 
alttkrn.atiae for a11 new facilities. As other heating systems become practical (cost 
effective) they will also be considered in new designs. 
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TABLE 2.6.6-2 
NATURAL CAS COMPOSITION AND 

COMBUSTION PRODUCT EFFLUENT COMPOSITfOM 

NATURAL CAS COMPOSITlON 

Constitug 

Helium (He) 
Carbon Dioxide (CO ) 

Nitrogen (NZ) 
Ne thane ( Cti4 ) 

Propane (C3Hb) 
I so- Butane (C4H10) 
Norm-Butane (C4Hlo) 
lso-Pentane (H5H12) 
Norm-Pentane (C5H12) 
Hexanes (C6Hlr,) 
Heptanes (C7H,6) 

2 

Ethane (C2H6) 

Hole 'k 

0.24  
0.80 
9.40 

79.90 
6.82 
2.11 
0.21 
0.37 
0.06 
0.05 
0.02 
0.07 

100.00 

Heating Value (Btu/cu ft) 1031 
based on perctnt comoosition 

COMEUSTION PRODUCT EFFLUENT COMPOSfTION 

Constituent Mole % 

Nitrogen (N2) 71.85 
Carbon Dioxide (C02) 9.89 
Water Vapor (H20) 18.26 
Nitrogen Oxides (NOx) 260 pp 

I 
2.6.6.2 Fuel Oil 

The consumption of fuel oil at Rocky Flats Plant for FY 1973, 1974, 1975, 1976, 
and 1971 was about 1.6 million gallons, 702 thousand gallons, 514 thousand gallons, 
940 thousand gallons, and 335 thousand gallons, respectively (see Section 4.4.2.1). 
Primary consumption of fuel oil is by the Plant's steam generators, which use Number 
6 fuel oil as a backup fuel Khenever the supply of natural gas is curtailed. 
chemical composition of a typical fuel oil is shown in Table 2.6.6-3. Also shown is 
the composition of the combustion effluent from boiler operittion, using Number 6 fuel 
oil. 

The 



TABLE 2.6i6-3 
NUlYBER 6 FUEL OIL COMPOSITION A N D  

COMBUSTION PRODUCT EFFLUENT COMPOSITION 

NUMBER 6 FUEL O I L  COMPJSITION 
Fuel Analysis 

Constituent 
Ash* 
Carbon 
Hydrogen 
Sulfur* 
Water and 
Sedimen tf. 

Heating Value 
(Btu/gal} 
Pounds per 
Gallon 

Weight % 
0.1 
86.36 
11.54 

1.0 
1.0  - 

Total 100.00 
138.700 

8.51-7.48 

*Value for ash, sulfur, and water and sediment are 
maximum allowable per purchase specification. 
Average values since July 1973 are Ash-0.0,~65%, 
Sulfur-0.55%, and Water and Sediment-0.75%. 

COMBUSTION PRODUCT EFFLGENT COMPOSITION 

Constituent --- - 

Carbon Dioxide 13.7 
Ni t rogen 83.3 
Nitrogen Oxides 200 ppm 
Sulfur Dioxide 200-400 ppm 
Water 

Mole % (Qa 

2.9 

I t  is anticipated that future curtailments of natural gas may place greater 
demands on the use o f  fuel oil at Rocky Flats. To ensure an adequate fuel supply for 
the Plant's heating systems, the on-site, fuel-oil storage capacity has been in- 
creased. Presently serving as the primary storage facilities are two diked tanks, 
one with a capacity of 792 thousand gallons, the second tank with a capacity of 1.9 
million gallons. Fuel oil is pumped or trucked from these tanks to underground day 
tanks located near the buildings that house steam generators. 

, .' 
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2.6.6.3 Other Fuels 

Diesel fucl is used to power most of the Plant's emergency electrical generators, 
as a backup fuel for hot-water-heating boilers in a Research and Development facility, 
and for diesel-driven vehicles and construction eqtiipment. Individual storage tanks 
are provided for each stationary engine; mobile equipment is supplied by a storage 
tank and pumps at the Garage and Fire Station. Total consuntption far FY 1974, 1975, 
1976, and 1977 was 36,397; 35,852; 21,126; and 19,356 gallons; respectively. Periodic 
operation of the diesel-powered emergency generators and firing of :he R&D facility's 
heating boilers account lor most of the consumption during normal Plant operation. 
Total storage capacity for diesel fuel is 115.430 gallons. 

Gasoline is used as fuel for one of the emergency electrical generators, for 
vtrious Plant vehicles, and for miscellaneous Plant equipment. A 14,000-gallon 
underground storage tank and pumps are provided at the Garage. Total consumption of 
gasoline for FY 1974, 1975, 1976, and 1977 was 86.571; 90,215; 97,979; and 101,390 
gallons; respectively. Over 90% of this consumption was from operation o f  Plant 
vehicles. 

Propane is used as a backup fuel to thc preferred natural gas for manufacturing, 
R 6 D ,  and maintenance activities in h major manufacturing building. An 18,000-gallon 
storage tank is provided near the building L O  meet arrticipatcd maximum requirements. 
Consumption of propane for FY 1976. 1975. 1976, and 1977 totaled 10,180; 7,625; 
12,204; and 40,876 gallons; respectively. 

Future use of diesel, gasoline, and propane is not expected to increase signifi- 
cantly. The DOE contracted with Reynolds, Smith, and Hills of Jacksonvilie, Florida 
to perform a complete energy survey and evaluation of DOE facilities including Rocky 
Flats. The Study projected energy requirements through the year 19E5 and included 
estimates of energy requirements for the year 2000. As a result of the study it was 
recommended that the best fuel choice for Rocky Flats (other than oil or gas) is 
coal. Coal-fired boilers that provide steam, space heating and cooling, and electri- 
city have been selected. 

2.6.7 Inert Cirs Systems 

An inert atmosphere (nitrogen and less than 5% oxygen) is used in various glove 
boxes and storage areas to minimize the possibility of fire. Total nitrogen consump- 
tion during FY 1975 was 515.6 million cubic feet; for FY 1976 it was 482.3 million 
cubic feet. 
60,000 standard cubic feet per hour (scfh). With the inzroduction of the new plutonium 
recovery facility, this rate may incrtcre by as much as 38,000 scfh. 

As of August 1976, nitrogen consumption was at the rate of 58,000 to 
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The protection afforded by an in:rt atm7sphere in specified glove boxes requires 
a reliable supply of nitrogen gas. 
liquid-nitrogen production plant that is owned and operated by a commercial supplier. 
The plant uses a liquefaction-distillation process to separate and Iiquify nitrogen 
from air. 
buildings. Capacity of this supply is about 140,000 scfh. 

This gas is *;ormai!y supplied fran an on-site, 

Underground lines then supply the re-gasified nitrcgen to appropriate 

A secondary supply is a liquid-nitrogen storage facility that receives liquid 
nitrogen from the on-site plant or by truck or r a i l  shipment from an off-site commer- 
c i a l  supplier. At full demand rates, the reserve supply will meet Plant needs for 
about three days. Limiting Plpnt operations, however, would extend the reserve 
supply to eight days. 

If nitrogen service were not restored within eight days, the oxygen level in the 
The glove-box system would increase slovly as the result o f  leakage into the system. 

net effect on the glove-box atmosphere would be a gradual return to a normal a i r  
atmosphere. This loss of nitrogen would increase the risk of fire. but restricted 
operations and the removal o f  plutonium from glove hoses that were affected would 
minimize the potential hazards. Safety features  s u c h  as heat detectors. improved 
storage iwtho.is. and frequent inspect ions ty operating and fire safety personnel 
reduce the danger of fire (see Section 3.2.2.4). 

Another inert gcas systcm is the manually controlled ,irgon system used in a 
I t  consists of a supply tank with 

The storage capacity for liquid argon in 
plutonium fahricat ion and .Isscwbiy building. 
distributio.1 headers to various stdtions. 
the plutonium fabrication building complex i s  sufficient to produce approximately 
348,000 cubic feet of gas at standard conditions of ternperature and pressure. 

Nitrogen gas and argon gas will be used 35 conveying mediums for solid samples 
i n  the closed-carrier transfer systems of a new buiIding. Argon w i l l  also be used 
( 1 )  mixed with fluorine, as niakeup in a fluorination process. ( 2 )  as an inerting 
agent in a reductic? proccss. (3) to provide an inert atmosphere for molten plutonium 
metal that i s  kcing purified, and ( 4 )  as a purging agent. Argon is used in a facili- 
ty in which calrium metaI is stored. The metal is stored in a drum with a special 
i i d  equipped with a fitting to allov the drum to be purged with argon beforc it  i s  
opened and after i t  is resealed. T h i s  minimizes the danger from hydrogen gas accumu- 
lation. The drum is stored in a specially designed metal shed to protect it from 
water from the sprinkler system. Five-gallon buckets of magnesium oxide sand are 
provided in case of a calcium fire. 

I 

Helium is often used i n  various module process operations, particularly as a 
pressurizing gas. 
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2.6.8 Water System 

The Plant's water system is a complete wrater supply. trt-dtment, storilge. and 
distribution system of ample capacity fcr meeting ,111 existing and anticipated Plant 
needs. The water system can be considered to h m r  three hisic parts: ( 1 )  .In in- 
coming raw water supply, ( 2 )  a raw water system on sitc and (3)  a treated water 
system on site. 

At the Plant, the incoming raw water is passed through ii mirrostr.iincr filter to 
remove particuldte material. The filtered raw water is then divided in[*) two streams. 
One enters an on-site raw (filtered but othc.,wisc untrcatcd) water distribdtion 
system to disburse water for cooling tower makeup. minor irrigation, iind misrcl Iancous 
purposes. The second stream passes through 1 imc-alum, sand CiItr.it ion .end act ivated 
carbon in the water treatment facility. The rc*suItant trc*iateti (potcable) water is 
distributed €or domestic, process, and fire protect ion uses t hroc:hout the Plant. 
Because the system has been sized for fire requirements, i t  Ii.ts ndrquatc c.-tp.rcity for 
all forseeable domestic and process needs. ' 

The total quantities of raw water purchased in FY 1974 through FY 1977 arc shown 
in Table 2.6.8-1 (see also Section 4.4.2.11: 

TABLE 2.6.8-1 
PUKCIMSED R A W  WATEH 

FY 
1974 
1975 
1976 
1977 

- Gal ions __ __ . -. - - .- - - 
143,143 5.000 
125.952,OOP 
115,963.000 
113,244,000 

Of these quantities, approximately one-fourth is used as raw water; the remain- 

As a rrsult, over 56 million gallons was released off 
der is treated. All treated (potable) water used for domestic purposes is discharged 
to the sanitary sewer system. 
s i t e  from the sewage treatment plant ira FY 1976. The remainder of the water i s  
released through evaporative prxesses. mainly cooling towers (approximately 30 
million gallons), solar ponds, A-series holding ponds, and irrigation. Water usage 
and losses are more fully described in Section 3.1.1.1. No water is released from 
the process waste stream. The decrease i n  raw water purchase from FY 1974 through FY 
1977 is accountable to various means of conservatior!, especially in the cooling tower 
blowdown process, but a l s o  to a reduction in production. Treated water used in Plant 
production processes is discharged to the process waste system. 

\ I  
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2.6.8.1 Raw Water Supply, Scarage, and Distribution 

A l l  raw water is purchased from the City and County of Denver and is draw, from 
two Denver-owned sources, Ralston Reservoir and South Bouldcr Diversion Canal. 

The primary year-round source of rab water i s  Ralstort Reservoir. located about 
5.5 pipeline miles south-southwest af the Plant site. 
capacity of 1,200 acre fwi. provides about one-half of the water required by the 
Plant. It i s  filied from the drainage basin in which it lies a d  from Cross Reser- 
voir, by way of the South R o u I d c r  Diversion Cana:. 
Flats from aroud Ncvrmber through Apri l .  
at Ralston are 6,046 and 5.9h6 feet above sea level. 

Ralston kservclir, which has a 

I t  normally is utilized by Rocky 
Maximum and rnioi.iurn water level elevations 

The raw water from Rziston Reservoir i s  pumped t o  Rocky Flats through a single 
IO-inch-diameter, cast-iron supply main. 
Class 250 pipe is used in those portions where nigh pressures result frem variations 
in elevation. 
joints caulked witL lead ifre used for the rcntainder. 
pipe into sections not over 5,000 feet long. 

Since this line crosses some rough terrain, 

A l s o ,  mechanical joints are used in c:itical sections; bell and spigot 
Valves permit isolating the 

Normally, w.atc.r i s  pumped from K,ilston heservoir to n rab-water storage pond 
just west of the Plant. 
directly t o  ttw F i m t .  
base of the dam. 
pumps ratcd dt 350 gall m s  per minute at 165 p s i  &hen opei-atiqp, at 1,750 rpm. 
orimary pump i s  driven by a 75-hp electiie irtotor; the standby pump can be driven by 
either a 75-hp electric motor o r  a gasoline engine. 
stopped automatically by a pressure switch. 
rated capacity provide-s 500,000 gal Ions per day. 
taneous operation, capacity can he increased to 1 million gallons pdr day. 
South Boulder Diversion Canal is i n  service, power to the Halston pumps is manually 
shut off and the pumpirlg station is locked. 
Utilities personnel. 

The pond can hc bypassed. h6WC.ver. and the water pumped 
Watc*r is pumpc:I from Ralston Hcscrvoir by .wo rumps at the 

The 
Both pumps are is a heated pump rvom and arc two-stage cmtrifugal 

'Ihr pumps are started and 

Since thc controls permit simul- 
Thc operation of either pump at  its 

When the 

ilrc station is routinely checked by 

The South Boulder Diversion Canal, which passes about 1.5 miles west of the 
Plant, is the secondary source of  raw water; i t  usually is used from about Hay 
through October. This canal. which transfers water from cIross Reservoir to Ralston 
Reservoir, provides about one-hslf of the water required for the Plant. 
voir ,  located on South Boulder Creek in the mountains about 10 miles west-northwest 
of the Plant ,  is considerably larger and at a higher elevation than Ralston Reservoir. 
The Denver Water Board regulates the flow in the canal, normally starting it in the 
spring and shutting i t  o f f  in the fall. 
dered a year-round source, either for the Plant or  for Ralston Reservoir. Vater 
drawn from the canal, at an elevation of 6,190 feet, flows by gravity to the Plant or 
to the ras-water storage pond. 

Gross Reser- 

For this reason, the canal cannot be consi- 



A 10-inch, cast-irm main approximately 500 feet long transmits raw water from 
tqe intake OR the canal to a point where i t  intersects the line from Ralston 3cser- 
vdir. From that point. the Ralston liae is used to convey the wafer from the canal. 
Therefore. it is not possible :o draw water simultareously from both sources of 
Supply. The capacity of the 10-inch main between the canal and the storage pond 
would be about 1.436 gallons per minute (gpm) under gravity flow if the pipe had a 

free outlet. There is a section of 3-inch pipe about 50 feet long. however, that 
leads into the pond; this reduces the capacity to about 950 gpm. Alternatix.*'y. 
water from the canal can be delivered directly to the Plant. bypassing the po1.d. at 
approximately 1,300 gpm (or 1.9 million gallons per day). The intake on the canal is 
a reinforced concrete structure equipped with trash racks, remova! screens. and a 
shear gate. 

The raw water storage pond is locatt-d about 0 . 5  mile west of the water treatment 
facility. The open, asphalt-line4 pond has a nominal capacity of 1.5 millicn gallons 
with 1 foot of freeboard. ?he bottom of the pond is at an elcvat'on of 6.035 feel. 
and the maximum water level is 6,107 feet. The pond is fed by a 3-inch line tdpped 
into the 10-inch, incoming raw-water maiq. k'hen the pond is opcrated as  the squrce 
of water for the Plant. the water flows by gi*?vity through either 0. both of two 
cast-iron mains; one is a IO-inch pipe back to the incoring Ralston line and from 
there to d junction point neat the water treatment facility. The other is a parallel 
12-inch pipe to the same junction. The capacity of the 10-inch main is estimated to 
be 1,100 gpni (or 1.6 million gallons per day). The combined capacity of the two 
mains i s  enough to deliver water from the pond tn the Plant at a rare high enough to 
satisfy maximum Plant dcniand. 

Meters at Ralston Kcservoir, the canal intake, the poild inlet, the incoming line 
to the water treatment facility. the line to the cooling towers, and each of the 
cooling towers make i t  possible to determine material balances and to thcclr for leaks 
in the water system. The meters at the treatmcant building and the distribution line 
for the cooling towers nutomatically record their information in the w t e r  treatment 
building. rhe others are checked according t o  established schedules. 

I The Ralston Reservoir pur,ips can pump raw water directly into the on-site raw 
water system. S i x e  the pumps can generate a pressure of 195 psi and the on-site 
system is designed for 150 psi, a pressure-reducing station I S  installed at the 
junction of the two system:. The statim eliminates the possibiliry of over- 
pressurizing the on-site r i i , d  water system. 

2.6 .8 .2  Ori-Site Raw Water System 

The on-site raw water system is primarily for the cooling toets. with a small 
amount used for minor miscellaneous purposes. Raw water for the cooling to%ers is 
metered from the supply mains and is pasied through tre microstrainer to remove aiajor 
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solid ititpurit irs. l'dble 2 . 6 . 8 - 2  l i s ts  the components o f  Rocky Flats' raw water. 

tion s~stc*tti. byp.tssing the ~ . ~ t t * r  treatment plant. 
consi:lts o t  IO-inch tiwins m d  is being  converted from a gravity-flow to a puntped 
s p t e t i t  t o  .i<=ccvttod.itc the ntw plutonium recove.-y facility.) 

From the ttiicrostr,iiners. the xidter flows into thc untreated (raw) water distribu- 

(The untreated distribution line 

The untreated water is 
buildings. The cooling tower capacities 

ye2n 

- 
49.6 
0.46 

11 .x 
0.6 

0.05 
0.14 

31 . O  

3.9 
2 . 2  
0 . 34 
8 .  I 

10.3 
IS. 3 

115.0  
7.5 

- 
750 

6.8 

H A h  

- 
61 - 0  
1 .O 

17.5 
1 .o - 
0.16 

42.7 
7 . 0  
2 . 8  
0 . 5 5  

12.2 
1 4 . 2  
28.0 

279.0 
8 .  I 

0.008 
1025 

0.01 
61 .S 

!.c.cy 

- 
3 4 . 5  

0 . 1 5  
5 . 0  
- 
- 

0 .12  
7 3 . 3  
1.5 
I . 5  

4.2 
6.7 
9.5 

46 .0  
7.?  

a. 15 

0.006 
600 

0.006 
0 . 7  

:$ Nonr.tdiodcti-.e component datd are from a 1974 study 

**Radioact i1.e componenis are froni samples analyzed during 
conducted by Engineering Sciences, Inc. 

1978 by the Rocky Flats liealth and Environmental Laboratory. 

2-142 

I 



TABLE 2.6.8-3 
COOLING TOWER CAPACITY 

Plant Area 
300 
400 
700 
800 

--I-_.- - Tower Capacity (to* 
6,667 
600 

7,350 
900 

* Tons refers to the refrigeraiion rating of the cooling 
tower, where one standard commercial ton of refrigeration 
equals 12,000 Btu/hr. 

All of the cooling towers used in the Plant are mechanical-drafL wet towers that 
cool buildings by transferring excess heat to the atmosphere through direct mixing of 
air and water. Electrically driven fans provide the air flow through the tower. 
Excess heat is picr:ed up by water as it circulates through cooling coils in the 
buildings' heating, ventilating, and air-conditioning systems and some o f  the process 
heat exchangers. ParL o f  this warm water is evaporated as it mixes with the cooler 
air flowing through the tower, thus transferring the excess heat to the atmosphere. 
Cooling tower operation and the evaporation rate consequently are dependent on am- 
bient air temperature and tower heat load. During winter months, the redcced ambient 
temperature and reduced tower heat load reduce the evaporation rate to approximately 
one-half that of warm summer months. Table 2.6.8-4 shows the monthly raw water 
consumption for FY 1975 an4 demmstrates sinter and summer variations in consumption. 

TABLE 2.6.8-4 
COOLING TOWER RAW WATER CONSUMPTION (FY 1975) 

Quantity Used - (1.000 Ea1 Ions) -- Month 
July, 1974 6,223.8 
August 4,867.3 
September 2,313.9 
October 2,139.8 
November 2,038.7 
December 1,816.7 
January, 1975 1,590.8 
February 1,656.9 
Harch 1,701.8 
April 1,833.9 
Hay 2,185.7 
June 2,857.8 

Total Winter (0ct.--March) 10,944.7 
Total Summer (April--Sept.) 20,282.4 

Total Makeup 31,227.1 



During cooling-tower operation, raw water is added to r*:place (1) water lost  by 
e\vaporative heat dissipation, ( 2 )  wdtrr rcquired to maintain cooling-tower water 
quality. and ( 3 )  drift losses from water contained in the air stream. The consump- 
tion rates given in Table 2 . 6 . 8 - 4  include water added for Liuwdown and drift losses, 
which are both directly related to evapcrztion rate. 

"BIowdown" refers to the continuous or periodic discl.arge of a portion of the 
cooling tower water to controt the level of solids in the circulatiag water. As 
riater i s  evaporated by the tower, the dissolved and suspended solit 's  remain in the 
circulating water and would eventually reach a level dtLrimenta1 t: tower operation. 
Because of the high quality of the raw water (see Table 2 . 6 . 8 - 2 )  .iiu variability of 
evaporation rate, the frequency of blowdown for the Plant's coolicg towers varies, 
depending on chemical analysis of the tower circul-ring water. Various chemicals are 
added to the cooling towers' circulating water systems to preveil' biological growth, 
corrosion, scaling, and other effects that can foul heal-transfer surfaces and de- 
grade performance. Proport ional mounts of these chemicals and tt-, ir reactants are 
carried with the blowdown water, whic!. is discharged to the sanitary sewage system. 
T o t a l  s o l i d s  in the cooling towr water is normally maintained at approximately 500 
to 700 ppm. 

Drift losses from cooling towers also carry proportional amounts of the chemi- 
cals and rc-dctants used in tredting tower water. In most cases, these water droplets 
are carried out of the tower with the rising vapor column, but drop to the ground 
within a few hundred yards of the tower. The chemicals thus deposited on the soil 
may enter surface and subsurface water BS a result of rainfall runoff and other 
hydrological phenomena. Accurate estimates of totdl drift loss are not feasible 
because of the many variables involved, including water circulation rate, evaporation 
rate, external wind effects. tower design and age. plus blowdown frequency and resul- 
tant \*ariations in tower-water quality. Assuming a drift loss rate equal to 0.1% Of 
the total water circulation rate and operation at 500 to 700 ppm total solid concen- 
trat ion.  a conservative estimate of drift loss indicates that approximately 4 , 0 0 0  pounds 
per year of solids may be carried with the drift and deposited on the surrounding 
soi 1. 

2.6.8.3 Treated Water Supply, Storage, and Distribution /' 

A I 1  potable water at the Plant is treated on site. The treated system serves 
domestic, industrial. and fire protection uses. I t  has over 2 million gallons of 
storage capazity in feur storage tanks and the water treatment plant's clear-well. 
The storage is designed so that two separate 4-hour sources of fire protection water 
are available at all times. 

Raw water is treated in the water treatment plant, which has a nominal capacity 
The Plant has a microstrainer, flocculation tank, three of 700 gpm (1 million gpd). 

2-144 

- 



gravity sand filters, two chemical feeders, chlorination equipment, distribution 
pumps, and facilities for recycling backwash water. Ten million to 16 ai!lion gallons 
of raw water normally are treated each month. 

Treated water flows fron the water treatment pl:nt to the clear-well. From 
there, it is pcmped into a ground-level tank and then into an elevated tank 01 the 
Plant distribution mains, according to demand. Pumping capability for the treated 
water at the water treatment plant depends upon five electric pumps. A 1,OOC-gpm 
pump moves treated water from the clear-well to the ground-level tank, which has a 
capacity of 500,000 gallons. One 700-gprn and two 500-gpm pumps deliver water from 
the clear-well or the ground-level tank to either the elevated tank or the Plant's 
treated-water distribution system. These three distribution pumps cycle autoniati- 
cally to maintain a minimum of  220,000 gallons in the 300,000-gnllon-capacity, 155- 
foot-high storage tank. Normally, only two o f  these three bmps are on-line at one 
time. The fifth pump can pump water for fire usage a t  1,500 gallons per minute. It 
pumps from either the clear-well cr the ground-level tank t o  the distribution system. 
In case of a power outage, there is a 225-kW emergency generator to keep the pumps 
operational. The generitor must be started nianual Iy. 

In addition to the five electric puwps at ihe water treatment plant. there are 
two 2,500-gpm pumps, one diesel-driven and one electric. that can pump water from the 
two 500,000-gallon fire-water s:orage tdnks located near the c .1~1 side o f  the devel- 
oped Plant site. 

The primar; supply for the treated water distribution system is the elevated 
tank. Since there is no check valve in its dischdrge line, the prrssure is main- 
tained between 65 and 72 psi. I f  the tank is out of service for any reason, water i s  
supplied to the distribution system by the thrce service pumps (plus the fire protrc- 
tion pump, if necessary), drawing from either the clear-well or the grtsund-level 
tank. 

Plant distribution of treated water begins with dual. 12-inch. cast-iron mains 
from both the elevated tank and the service  pumps. The mains connect to a multiple- 
loop, sectionalized main system extending throughout the Plant site. Most of the 
multiple-loop Eystem consists of 10-inch mains; no section of the loop system has 
mains smaller than 8 ih,ches in diameter. All major facilities are served by clssed 
loops; consequently, water can be supplied from either of two directions, assuring 
continued service in the event a line should break. Yard mains that supply outlying 
buildings and that are not a part of the loop system are of a size commensurate with 

/ usage, some being as small as 2 inches. 

Although the treated water system provides water for all domestic, industrial, 

For example, all drinking water systems are 
and fire protection uses, the various subsystems are protected to prevent any undesir- 
able cross-contamination or pollution. 
protected with back-flow preventers. 
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Filter backwash wacer from the water treatment plant is reprocessed in a faci- 
l i t y  that has two 60,000-gallon storage tanks, two drying beds, and several pumps. 
Thir. facility permits reuse of t h i s  highly turbid water, so that it i s  not discharged 
o f f  s i t e .  

2.6.9 Steam System 

More than tl;o-thirds of the steam produced at the Rocky Flats Plant is used in 
the heating, ventilating, and air conditioning (HVAC) systems in the buildings. The 
remainder is used for process heating. 
power. Effluents from the steam plan are listed in Tables 2.6.6-2 and 2.6.6-3. 

No s,team is used f o r  generating electrical 

The main steam boilers for the P 
supplemental steam boi!ers arc’ in the 
capacity t c x r  each of these boilers is 

ant are in a building in the 400 are.1; additional, 
700 and 800 areas (Table 2.6.9-1). Generating 
as follows: 

400 Area 4 CP 7 5 , 0 0 0  Ib/hr = 300,000 lb/hr. 
800 Area 3 CP 24,000 Ib/hr = 72,000 lb/hr. 
700 Area 1 @ 21,000 lb/hl- = 21,000 lb[hA 

Tcxtal 393,000 lb/hr. 

TABLE 2.6.9-1 
ROCKY FLATS UOILER SPECIFICATIONS -~ 

Fuel Use Rate Per Hour Exit 
Heat Input Nat. CJS 116 C I I  Stark He:ght Gas Temper~ture 

Btu/hr. (rt3) ( I ~ s )  and lntrrnal Dia. and Velocity T y r r  _-_-__I_ -_--_-- -__ Blpg. 

463 Keeler Water Tube 
(2 I J n l t S )  100,050,000 10’,000 5,100 80 ft x 5.5 it 325°F/1,520 fpe 
Erie C i t y  Water Tu*), 100,000.000 104,000 5,100 75 ft x 4.5 ft 30OeF/2,3O0 fpe 
Combustion Engineering 
Water Tube 100,000,000 104,000 5,100 75 f t  x 5.5 ft 315°F/1.520 fpm 

771 Babcock & L’~!cox 
! Water Tube 25,200,000 27,300 1,460 34 f t  x 3 f t  50OQF/2,66O fpm 
I - r --- 

881 Union Iron Works Water 
Tube (3 units) 28,000,000 30,000 1.590 52 rt x 7 ft 5QQ°F/i.300 fpm 

(common stack) 

991 Cleaver Brooks Fire 
Tube Hot Uater 3,360,000 3,500 24 32 rt x 1 . 5  ft 40O0F/1,7O0 fpm 
(2 units) (#2 oil) (common stack) 
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The four boilers in the central sttwn plant produce steam +at A 0  pounds per 
squzre inch gauge (psig) and 4 7 5  O F .  They are fueled by natural gas. with fuel oil 
as a backup. The boilers in the 700 anti 800 arras are st-par.ite, standby sou-res of 
steam that can be used for buildings in those are.as if the central stt*ant plant boilers 
or the steam mains have to be shut down for any reason. 

Steam oistr;but ion lines arc located above and below xrouncl. Under normal 
operating conditions, steam is distributed at 300 psi to pressure-redu~*ing s t a t  ions 
located in 0 1  near major buildings. Steam is rcdured to  125 psi or 1obc.r tor distri- 
bution within buildings. Almost a11 condcnsatc from the Pl.tnt-wtdt. HVAC systems I S  

returned to a 300,000-gallon tank near the centr-11 strean plant. Thc b.iit*r is used 
as r . s e n e  boilcr-feed water. The coiidensatc from rocess hr,tt ing a l s o  is gtmcr.ally 
returned t o  the steam plant. Cont,iiainatrd condcns.ites .art' sent tcJ the. I*.tsttb trrat- 
ment facility. 

The entire central steam plant and the ste<irn distribution s y s t m  is clvsignvd anti 
constructed to meet the requirements o f  (1) the Uniform Building Cock. ( 1 )  . i p p I i c . ~ b l c  

ASME (American Society of Mechanical Engineers) boiler and pressure vvsrit.1 r*odi*s, .mi 
(3) applicable NFPA (National Fire  Protcct ion Association) tire .ind t.xplosiun protec- 
tion stmdards. As such, i t  has a f u l l  complt-mcnt of built-in safety fedturcs, 
dc*vicc.s,  and interlocks that ensure safe. re1 i'rble startup. opcarict isin,  and shutdoun 
under normal and emcrgrncy conditions. Sincc the Uniform Building Code seismic 
criteria for this region are only slightly less severe than those imposcd for t h e  

Opf.rat ing Basis Earthquake (OBE)*, the stcam plant and s t e m  I int-s should sust.iin n i p  

more tha:: minor damage during an ORE. Portable steam gc'nerntors cou1tl bc. ohlainrd 
should the steaiii plant sustain sufficient haage to curtail i t s  s e r v i c v .  

If there should be a power failure affecting the centrdl stem plmt. the I > u I I -  
ding has d diesel-powered, 500-kW. (t8OV cmergepcy generator th.it can keep t w  o t  the 
four boilers operational during the outage. Future pldns call for the inst.ill.rt i o n  
of a second emergency generator of comparable size; the sccond genc.r.itor .11s0 will be 

capable of keeping two boilers and auxiliaries operating, bringing the tot.il t-mcrg~*ncy 
power capability Lo a level where all four boilers can be kept in service. 

2.6.10 M_ateriaX Shipments 

c 

*.. 

A variety of radioactive and toxic materials in various physical dnd chemical 
forms are shipped to and from the Rocky Flats Plant during the course of norma'i 
operations. This section describes what these materials are, how they are shipped, 
and how safety is ensured during shipment. 

2.6.10.1 Materials and Configurations 

A summary o f  materials and their forms for shipment is given in Table 2.6.10-1. 

V o t  severe enough to preclude continued safe operation. 
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TABU 2.6.10-1 
TRASSPORTAT 10s (11' 'IATERIXLS TO AND FROB1 ROCKY FLATS PI.AN7 

FO 1111 Mat * G a l  __-_ 
Americ ium-2G 1 O.iidc 

Waste 
Beryllium Nctal 

Scrap 
Neptunium-237 Me:al 

Os i de 

P1 u t on i uia Hetal 

Osidc 
HcLa 1 

Oxide 
Nitrate 
Vastc 

plus 

PI u toni um 
and 
Uran i um 
Uraniu.n-233 

Uranium-235 

Metal 

Vast f' 

os i de 

Waste 

Metal 

Oxide 
Nitrate 

Uranium-238 Metal 

Uranii~m-235 Hetal 
and Waste 
Urani um-238 
Hisce1laneous:I- Severa I 

TOTALS 

Shipping 
Fletl.od 

Truck 
Rai 1 
Air 
Truck 
A i r  
Truck  
Air 
Truck 

Truck  
Truck 

Truck 
Truck 
Rai 1 
Truck 

Truck 
Truck 
Rai 1 
Truck 
A i  r 

Truck  
Truck 
Truck 
A i r  

Truck 
Truck 
Rai 1 
Truck 
Truck 
A i  r 
Rail  

Total Shipment 
Miies (per year)** 

38,900 
66,980 

255,000 
6,604 
2 .SO0 
1,200 
1,300 

37 , 300 
11,420 
12,700 
35,400 

57,800 
48,000 

107.000 
66.980 
5 8 . 2 U  

3,700 
1,600 
2,364 

35,300 
6,500 

l4 ,700 
3.200 

740 
67,030 
77,000 

1,200 
2 , 600 

11.800 
13 , 396 
96 , 000 

636 , 534 
358 200 
14S, 720 

z)iiscellaneousmuFes-%ther hazardous materials such as radioactive sources and 
ana lyt i ca l  materials ,  fInmmable gases,  poisons, chemical, gasoline,  and o i l ,  a s  
l i s t e d  in DOT regulations (49 CFR 172). 
**A recent year representative of normal operations. 



The f i g u r e s  g iven  in T a b l e  2.0.10-1 and i n  T.ib1t.s 2 . 6 . 1 0 - 2  t h r o u g h  2.6.10-4 

reflect  c u r r e n t  shipment inforntat ion .  T o t a l  shipment m i l e s  i s  t h a t  n c t u : i l l y  t r a v e l e d  
in a r e c e n t  )*ear t h a t  i s  c o n s i d e r e d  t o  be r r p t e s c n t n t i v c  of normal o p e r a t i o n s .  

Small  amounts of o t h e r  r a d i o a c t  i \ v  i s o t o p e s  i n c l u d i n g  s )urL"t's, a w l y t  i c a l  
m a t e r i a l s ,  and gram or  mi I ligraln quant i  t i c s  o t  curiun1-2b6 m d  thorium-228 arc. h m 4 l d  
a t  Rocky F l a t s .  Shipment methods for thc-st. m,itvrl. i ls arc  handled on .I c..ist*-by-c.ise 

basis to ensure compliance w i t h  t h e  p.tckaging rc.qui:cnic.nts of 4 9  CFK fJ.lrts 170-178 .  

T a b l e  2 . 6 . 1 0 - 2  i s  a summdry of m i l c a g e s  for m a t e r i a l s  l i s t e d  i n  rl.,ibLe 2.6.10-1 
The l o c a t i o n s  o f  f m i l i t i r s  that s h i p  and t h a t  are shipped i n  k i logram q u a n t i t i e s .  

r e c e i v e  plutonium and uranium to and from Rocky F I . a t s  <arc. g i w n  in  Tcrb1t* 2.6.10-3. 

along wi th  the s h i p p i n g  d i s t a n c e s .  
is  g i v e n  in T a b l e  2 . 6 . 1 0 - 4 .  

A s imi  I d r  compi 1< i t  ion for sh ip incents  of bery l  1 iuiu 

TABLE 2 . 6 . 1 0 - 2  
rtl LEAGE SUMMARY FOR K: LOGRAM QUANTI T I ES OF ,%.TEK I A I S  

Shipping  Tot II I S h  i p m r n  t 
f l a t e r i a l  - Form Me!h!L M&t>--(ee_r_y-e iir) 

Beryl  1 ium Metal and Truck 6 ,  bW4 
Oxide Air 255,000 

P lu  t o n i  urn Metal and Truck 130,940 
and Oxide 
Plutonium + 
Uranium 

I 

I Uranium-235 fletal and Truck 

Uranium- 238 Metal and Truck 
A i r  Oxide 

and Waste" 
Uranium-238 + 
Uranium-235 

38,500 
6,500 

81,430 
83,500 

*The waste i s  t r a n s p o r t e d  by t r u c k  only. 
**Less than 3 5 0  grams of uranium-235 c o n t a i n e d  in uranium t h a t  is e n r i c h e d  

20 percent or more. 
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TABLE 2.6.lO-3 

FACILITIES SHIPPING M D  RECEIVING PLUTONIW AND URANIUM 
(kg quantities) 

Location 
Aiken, South Carolina 
Amarillo, Texas 
Columbus, Ohio 
Livermore, California 
LOS Alamos , New Mexico 
Mercury, Nevada 
Miamisburg, Ohio 
Oak Ridge, Tennessee 
Richland, Washington 
Tonopah, Nevada 

Shipping 
Distance* 
(miles) 
1,590 
423 

1,229 
1,227 
390 
830 

1,212 
1,309 
1,195 

850 
-- 
*Actual miles traveled, not straight-line distances. 

-- 

TABLE 2.6.10-4 

FACILITIES SHIPPING AND RECEIVISG BERYLLIUM 

Location 
Albuquerque, New Mexico 
Amarillo, Texas 
Elmore, Ohio 
Hazelton, Pennsylvania 
Livermore, California 
LOS .4lamos, New Mexi.:o 
Hiamisburg, Ohio 
Oak Ridge, Tennessee 
Reading, Pennsylvania 
Sarasota, Florida 

Shipping 
Distance+ 
(miles) 
41 7 
423 

1,218 
1,651 
1,227 
390 

1,212 
1,309 
1,644 
1,859 

, 
* Actual miles traveled, not straight-line distances. 
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The following paragraphs discuss only materials used or required for Rocky 
Flats' operations. Some shipments of materials involved in the nation's weapons 
program use the Rocky Flats facility as a safe stopover point. Such shipments are not 
included in these paragraphs because the materials are not processed at this Plant 
and are not connected with operating requirements of  this facility. Any environ- 
mental effects associated with their transportation are properly assigned to other 
facilities and art treated in the environmental assessment of those facilities. Dose 
assessments for operation of the Plant include consideration of these materials as a 
part of normal operations. but not as a contribution to transportation dose or hazard. 

Materials used for Rocky Flats' operations are shipped by truck,.air, and rail. 
Truck is the mode used most frequently, either commerciai truck lines or Government- 
owned Safe Secure Trailers (SSTs). Shipments of waste with less than 10 nCi of 
plutonium or other transuranic elements per gram of inaterial are transported by 
commercial trucks and rail from Rocky FlaLs to a ME-approved storage site. 

During shipments of nuclear materials, various safeguards are employed. Fox 
example, all truck shipments involving strategic quantities of special nuclear 
materials (SNM) and certain classified, nuclear weapon components having less than 
strategic quantities of SSM material are transported in Safe Secure Trailers (SSTs) 
operated by DOE couriers. 
defined in ERDA Manual Chapter 2405 as follows: 

Strategic quantities of special nuclear materials are 

a. Uranium-235 (contained in uranium enriched 20% or more in the ur-nium-235 
isotope) alone, or in combination with plutonium and/or uranium-233 when 
(multiplying the plutonium and/or uranium-233 content by 2-1/2) the total 
i s  5.000 grams or more. 

is 2.000 grams or more. 
b. Plutonium and/or uranium-233 when the plutonium and/or uranium-233 content 

Thcse shipments are facilitated by the proximity of major highways to Rocky 
Flats. Interstate Ilighvays 25, 70, and 76 (80s) pass through Denver approximately 16 
miles from the Plant. Five miles northeast of the site is U.S. Highway 36 (Boulder- 
Denver turnpike), and surroundipg the Plant, as mentioned previously, are State 
Highways 72, 93,  i28, and Jefferson County Highway 17.  

Rail i s  the method used for shipping waste containing more than 10 nanocuries of  
These shipments to the plutonium or other transuranic elements per gram o f  material. 

Idaho National Engineering Laboratory (INEL) at Scoville, Idaho. are made in Govern- 
ment-owned ATHX-bOO Series Rail Cars that have been modified to carry radioactive 
waste material. In 1969 the Department of Transportation (DOT) issued Special Permit 
No. 5948 to cover the movement o f  radioactive waste material in the ATHX Rail Cars. 
Requests for renewal of the permit are submitted to the DOT for review and reissuance 
every two years. The latest application for renewal was granted in May 1978. Rail 
service is provided by a spur o f  the Denver and Rio Grande Western Railroad (WGW). 
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This spur enters the site from the southwest PO provide general freight service. 
Approximately 480 tons were' transported during the first fiscal quarter of 1976 by 30 
rail cars that utilized the spur. 

Shipments of radioactive material by air are restricted to non-passenger air- 
craft. Such shipments would leave from cither Stapleton International Airport (on 
the east side of Denver) or the Jefferson County Airport (1ocPted approximately 5 
ailes east of the Plant). Air shipments of plutonium to and from Rocky Flats were 
terminated in April 1977. Section 502. Title V of  Public Law 94-187 (Figure 2.6.10-1). 
however, does provide for "exempt shipments of plutonium." 

2.6.10.2 Transporta t ion Safety 

Primary reliance for safety in the shipping of materials to and from Rocky Flats 
rests on packaging. 
material (RI, September 1977) calls for adherence to ERDA Manual Chapter 0529 and DOT 
packaging requirements 49 CFK Parts 171-178. 
that have been carried out in the laboratory or in the field with conventional and 
readily available equipment and facilities. 

The Plant's quality assurance program for packaging radioactive 

These criteria specify packaging tests 

The packaging required by DOT and DOE regulations is based on the type and 
quantity of radioactive material being shipped. Type A packages are limited to 
Type A quantities of material (see Table 2.6.10-5). Type B quantities may be shipped 
in Type B packages. Larger quantities may also be specifically approved for Type B 
packages. Only small amounts o f  radioactive material, as defined in 49 CFR Part 173, 
are exempt from packaging speciiications. 

Any quantity in excess of a Type A quantity must be shipped in Type B packaging, 
which provides f o r  adequate dissipation of heat. In addition, there must be no loss 
of contents at an external pressure of 25 pounds per square inch gauge (psig), which 
i s  approximately equal to immersion in water to a depth of 50 feet. . 

With respect to heat dissipation, regulations require the package to be designed 
so that the temperature rise from decay treat will not adversely affect the package or 
the contents and will not cause excessive pressure. 

! 
I 

For safety assurance from accidental criticality. control in transportation is 
required for fissile material (uranium-233, uraniuq-235, plutonium-238. plutonium- 
239, and plutonium-241) of more than 15 grams per package or, in homogeneous, hydro- 
genous solutions and mixtures, of more than 500 grams of plutcnium (hydrogen-to- 
plutonium ratio of 7,600:l) or 800 grams o f  uranium-235 (hydrogen-to-uranium-235 
ratio of 5,200:l) per package. Nuclear criticality safety in transportation is 
provided by ensuring that the contents of each package of fissile material are sub- 
critical when delivered to a carrier. Another provision is that the package is 
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k r g y  
Research and 
Development 
Adminhtratia. 
Appropriation 
.Itharkation. 

TITLE \--AIR TRASSPORTATIOX OF I'LUTOSIC'U 
SEC. 501. The Energy Research and Derelopmertt Administration 

shall nut ship plutonium in nn * form by aircraft whether exports, 
inrports, or doiiicstic shipnicnt : >rovi&d, That an csempt shipments 
of plutonium, as defined by section 502, are not srrijcct to titis restric- 
tion. This restriction shall be in force unt i l  the Eiicrgy Resrarch and 
Developnirnt Adtiiiiiistrntion has certified to the Joint Committee on 
Atomic Energy of  the Congress that a safe contniner has h e n  devel- 
oped aid tcstrd which will not rupture undcr crash and blast testing 
equivalent to the crash and explosion of  a high-flying aircraft. 

SEC. 502. For the p u r w s  of this title, the term "exenipt shipments 
of p1utoni11ni"shall include the fc~llowing: 

(1) I'lutonium shipments in m y  form designed for medical 

(2) Plutoniirm shipments which pursuant to rules rnrnulgated 
by the Administrator of the Energy Resenrcli and &sdo!ment 
Administration are determined to be made for p u q m  of 
national security, 2ubIic health and safety, or emergency mainto- 
nane operations. 

(3) Shipments of small amounts of plutonium deemed b tho 
Administrator of tile E n e r p  l?warcli and Development AdCnin- 
istration .o require rapid s iipmcnt by air iri order to prscrve the 
chemical, hysical, or isotopic propertic5 of the transported item 
or materia!. 

42 USC 5817 
nee. 

"fiempt 
shipment 
of 

42 UsC 5817 
n e *  

applrcnt ion. plusdwn. " 

.-- Figure 2.6.10-1 Excerpt from Public Law 
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TABLE 2.6.10-5 

fYPE A AND TYPE B PACKAGE QUANHI'Y LIMITS (49 CFR 173) 

--- 
TRANSPORT CROUP TYPE A QUANTITY TYPE B QUrWTIT\i* (Curi es ) (Cur i es ) 

20 
--- -- -___ - 

la 0.001 
I Ib 
IIIC 
I Vd 
Ve 20 5,000 
VI, VIIe 1,000 so ,000 
SPECIAL FORM 20** s ,000 

0.05 20 
3 200 

20 200 

-- - -- -- 
*Quantities exceeding Type B are "large quantity" (large radioactive source). 
**Except for californium-252, wherein the limit is 2 curies. 

a. 

C. 

e.  

Group I includes 
Ameii c i urn 
Curium 
Nept un i urn 
P1 utoni um 
Radium-226, -228 
Thorium-228, -230 .  -231 

Group I11 ineludes 
Coba 1 t - 60 
Thorium-232 and natural 

b. Group 11 includes 
Uranium-233 

d. Group IV includes 
Tritium 

Uranium, enriched, natural or depleted 

Groups V, '4, and VI1 include nuclides not normally of interest to 
Rocky Flats. 



designed to relcain subcritical under all conditions lik2ly to be encountered during 
transport2tion. including accidents. In addition, the contents W S ~  be iimited or 
the package must be designed so that the number of packages that are permitted in one 
vehicle or area will be subcritical under all conditions iikely to be encountered 
during transportation. including accidents and handling errors. A crash severe 
enough to rupture ail containment would ter.d to dispcrsc material. lessening the 
chance cf a criticality. 
tation accident. 

No criticality has ever occurred as the result of a transpor- 

The pssibi1ity that a package will be constructed or used in a manner not in 
accordance with tha design is minimi& through ?he reguI.i!ory requirements fo. 
Quality assnrtince and far various observations and tests before each shipment. Under 
DOT regulations and ERDA Manus1 Chapter 0529, each fabricator of specification 
containers must registe- with and is subject to inspection hy D O T .  Additionally. 
procedures are in effect for controlling vendor quality and for receiving and accep- 
ting waste packaging materials. 

The radiation exposure rate  from individudl packages of radioactive material 
during normal conditions 0; transport is limited by DOT regulations. These rpguld- 
tions permit no more than 200 mrem/hr on the surface, which limits direct exposure to 

a person handling the package. Another restriction is that no mcre than 10 mrcrn/hr 
is permitted at 3 feet from the s2rface of the packasp. This limits the radiation 
level Lo which persons and property in the viLinity of the package coula be exposed. 
I f  a package is shipped in a closed truck or rail car under the exclusive-use condi- 
tion, the radiation level is limited to 10 mrem/hr at 6 feet a t  any point f.om the 
external surface of the truck or car. Anothcr Limitation is 2 mrem/hr in the driver's 
compartment or other normally occupied positIan in the t r u c k  or car. The term "exclu- 
sive bse" refers to a vehicle that (1 )  is lemded by the consignor. ( 2 )  ssed exclusively 
for his freight alone from origin to destioation. ( 3 )  has sealed dwrs. and ( 6 )  i s  

unloaded by the consignee. 

AS an indicator of the radiation dose rate from an individu;l package, DOT 
regulations reqiiire a Transport Index (TI) to be shown on 2ach package. The Transport 
Index assigned to a package ot radioactive materia1 is det*.rmined by the highest 

For Fissile C!ass 1 I  packages only, the Tran-lort Index 
number i s  the greater of the radiation do.,e at 3 feet or rhc value criculated by 
dividing 50 by rhe number of similar packdges that may be trdnsported together. The 
number expressing the Transport Index is rounded up to the next highest tenth; e . g . ,  
1.01 becomes 1.1. The number of packages stored or handled in m e  area or loaded cn 
one car or vesicle must be so limited that the .cum of  their Transport Indexes does 

. %  not exceed 50. For shipment in Shfe Secure Trailers (SST). the Transport Index must 

not exceed 100. 
radiation level, from producing a much higher radiation level than desirabie because 
of additional radiation fro@ d11 of  the packages. 

1 radiation dose rate, in millirem per hour, at 3 feet from any dcccssible external 
' surface of the package. 

This prevents a large aggregation of packages, each w i t h  a significanr 
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Haterial shipped from Rocky Flats has little penetrating radiation, and radia- 
tion levels at the surface of packages are well below DOT limits. All shipments from 
Rocky Flats are monitored, and the dose rate is recorded prior to shipment. These 
records indicate that the dose level 3 feet from the surf2ce of the package, or 6 
feet from the surface of "exclusive use" vehicles, never exceeds 10 rrem/hr and is 
typically less than 1 mrem/hr. Gram-quantity shipments have even lower radiation 
levels, which are on the order of only 0.1 mrem/hr. 

Other DOT regulations deal with surface contamination levels, external tempera- 
tures, and warning labels and placards. Levels of removable contaminat--on on the 
surfaces of packages at Rocky Flats are determined by a wipe test. 

for beta and gamma emitters, and 
limited at any accessible surface of the container to not more than 122 OF during 
transport, escept that for full-load or exclusive-use shipments, the temperature may 
be 180 OF. 
labeled on two opposite sides . -h a distinctive warning label. 

The regulations 

Temperatures are 
consider the level insignificant if activity on the wipe does not exceed Ci/cm 2 

Ci/cmZ for alpha emitters. 

Each package of radioactive material is required by DOT regulations to be 

The DOT'S Hazardous Materials Regulations also provide for safety in routine 
shipments of hazardous materials other than radionuclides. Included clre materials 
that are flammable, unstable, poisonous, esplosive, or corrosive. DOT regulations 
specify the type of information that must ap,Jear on bills of lading and on other 
shipping papers. Packages are required to be labeled appropriately, and warning 
placards generally must be placed on the trai.>porting vehicle. 
and emergency personnel on notice that they are handling Shipments of hazardous 
materials. The labels and placards also alert appropriate individuals to the fact 
that applicable state and local regulations and ordinances must be followed. No 
placards are required or displayed, however, whenever shipments of radioactive 
materials are accompanied by DOE couriers. 
hazardous materials are discussed in Section 3.3. 

This puts the carrier 

The environmental impacts of transporting 

Figure 2.6.10-2 identifies the Rocky Flats Model 1518 container (DOT-6M Speci- 
fication) used €or transporting radioactive materials such as plutonium and uranium- 
235. The authorized inasimum content of the Node1 1518 container is 4.5 kg of pluto- 
nium metal, alloy, or compound; or 13.5 kg of uranium-235 metal or  alloy. This is an 
example of a Type B container which has been approved for shipping greater than Type 
B quantities of material. All containers used by Rocky Flats are either DOT Specifi- 
cation containers (i.e. DOT-6M) or DOE Certificate of Compliance containers. A 

Certificate 
radioactive 
Certificate 
standards. 

of Compliance is issued by DOE for each container, quantity, or type o f  
material shipped. In accordance with ERDX Manual Chapter 0529, the DOE 
of Compliance is to aid in assuring compliance with all applicable DOT 
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-'LOCKING RING WITH 5/16" DIA. 
OR LARGER BOLT & NUT 

\VENTED DRUM LID 

CERAFELT INSUIATION 

CELOTEX DISK 

4" PIPE PLUG E%--- 
CONTAINMENT VESSEL 
USABLE INSIDE DIMENSIONS: 
4.18 DIA. X 10.00" HIGH 

4.06' DIA. PRODUCE CAN61 
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DOT - 6C 1OGALLON DRUM 

CELOTEX RINGS 

Figure 2.6 .10-2  Rocky Flats  Plant Hodel 1518 Shipping Container 
(WT-6H Specification) 
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2.7 RADIOACTIVE WASTE SYSTEMS 

. ._ 
-. 

Operations at the Rocky Flats Plant necessarily involve r.rdioactt re contamination I 

of variox liquids, solids, and gases. Radioactive materials are handled in accordance 
with stringent procedures and within mu1 tiple containments (physical barriers) designed 
to minimize the release of contaminants to the environment. The radioactive waste 
systems include local collection, filtration, liquid processing, or temporary storage 
facilities for those process wastes known or suspected to have been in contact with 
radioactive materials. As a result of public comment on the DEIS, more detailed 
discussion of HEPA filter efficiency, testing, and maintenance has beer added in 
Section 2.7.1. The liquid waste processing system concentrates the unrecoverable 
plutonium into a solid waste suitable €or shipment, along with other contaminated 
solid wastes, to a DOE-approved storage facility. Solid wastes are concentrated when 
necessary and packaged for shipment to a DOE-approved storage facility. 

2.7.1 Radioactive Airborne Effluent Control Systems 

Airborne radioactive effluent is produced when ventilation air or  nitrogen gas 
(the latter used to provide an inert atmosphere in plutonium glove boxes) comes in 
contact with fine particles of radioactive material. Fine particles, capable 
being entrained in these gases, come from handling oxide powdt, formed during ma lining 
of metallic materials, incinerating s c r a p  and waste materials, , s d  from chemical 
recovery processes. The gases, carrying radioactive particles, are pdssed through 
filtration systems where each stage is tested to assure i t  has a 99.95% filtration 
efficiency for all radioactive particles. including particles less than 0 .1  pm in 
diameter. The filtration system at the Plant incorporates the best air-cleaning 
technology known. There are estremely small releases to the cnvironment froiii process 
operations, but these releases are well within health and safcty guides (USEKDA 
Manual Chapter 0 5 2 4 ,  1977, and Colorado State Board of Health, 1978.). 

Containment of radioactive materials within a plutonium facility is achieved by 
ventilation systems designed to maintain pressure differentials between zones 
thus control the airflow pattern. Pressure differentials esist not only between the 
various controlled areas within a process building, but also between any one of the 
areas and the outside. For example, the pressure in the utilities and office spaces 
typically is negative by 0.15-inch Later column (wc) with respect to outside air; the 
corridors surrounding the operating areas are 0.25-inch wc less than the outside; the 
operating areas themselves are 0.3-inch wc less than outside; and the glove-box 
atmosphere within the operating areas is 1.0-inch wc less than outside. Figure 2.7.1 
illustrates these differentials. Should any zone be breached, the flow of air would 
be inward. Thus, any contaminated air would be prevented from bypassing the ventila- 
tion filters and reaching the outside atmosphere (see Section 2.5.1). 
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Supply air is filtered, dehumidified. and is heated or cooled to meet the environ- 
mental requirements of a given area. The .air is then transported by ducts to that 
area in a carefully controlled manner. Separate exhaust ventilation systems utilizing 
High Efficiency Particulate Air (HEPA) filters are provided for room air, glove-box 
enclosures containing dry air, and glo\*e-box enclosures having an inert atmosphere of 
nitrogen and less than 5% oxygen. 

Some non-inerted glove boxes draw air from the room intb the box through a HEPA 
filter. 
of air recycle, depending on operating conditions. 
stages of HEPA filtration for general building air in buildings where plutonium is 
handled and four stages of filters for air and nitropen from glove boxe- used tor 
plutonii?.n handling. These filtration systems are shown in Figures 2.7.1-2 through 
2.7.1-4. Buildings in which only uranium is handled presently use at leasc one 
HEPA-filtration stage. Plenums in these buildings are being redesigned to use two 
HEPA stages, and improved fire control systems are being installed similar t o  those 
in use for plutonium areas. 

The systems are designed for once-through airflow or €or various percentages 
Rocky Flats uses a minimum of two 

Standby equipment and secondary power supplies are prwided to ensure the conti- 
nuity of operations. Extensive controls record system behavior and guarantee that, 
in any abnormal situation, ventilation will not be compromised. Ventilation controls 
are hotsed in separately ventilated enclosures having outside access to ensure that 
t h e  controls are accessible for operation during building disruptions. The systems 
are designed for maintenance accessibility, criticality control, and operation during 
fire or other unusual conditions, with continued capability for cleanup of contamina- 
ted air. Figure 2.7.i-5 shows a typical exhaust pienum that incorporates features 
for controlling contamination and for detecting and controlling fires. Compartmenta- 
lization o f  work zreas reduces the possibility of spreading fire or contamination. 
Appropriate use of scrubbers, mist eliminators, and high efficiency filters in the ’ 

building exhaust systems are features designed to prevent radioactive and noxious 
chemical contaminants from being discharged into the environment. 

’ HEPA filters, used exclusively for final air filtration at Rocky Flats, consist 
prihcipally of 140 square feet of lc-.0-P-mi1 continuous fiberglass sheet filter 
media enclosed in a Lire-retardant frame. 
Flats Plant standards for materials of construciion, physical characteristics, and 
efficiency. 
Filter Certification Test Facility (Section 2.6.4.2). In addition to laboratory 
tests of filter components, the assembled filters are tested with a thermally generated 
aerosol of dioctylphthalate (WP) which has an average particle size of 0 . 3  pm. 

This test reveals possible filter media or bypass leakage which might result from 
improper fabrication. Filters are also tested for total pressure drop and squareness, 
and are inspected €or excessive looseness of packing and for damaged gaskets. 

Filters are fabricated to meet rigid Rocky 

New HEPA filters are individually tested in the DOE Central Division 

A l l  
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newly installed filter systems are field tested for overall system efficiency or, in 
the case of large systems, are leak tested to assure an overall system efficiency of 
99.95%. 

Representative filters from each manufacturer are subjected to Qualified Products 
Lis: (QPL) Tests prior to installation. These tests include heat and humidity testing. 
The filters are subjected to a humidity of 95% for 5 minutes and they must maintain 
an effisienty within 1% of the normal expected operating efficiency of 99.97%. This 
i s  to ensure high efficiency despite the humidity (65% maximum) generated by the 
scrubbers and from condensation. For fire safety, the filter plenum banks in pluto- 
nium-handling facilities are designed with sprays directed at the icitial filter 
stage. The plenum banks are devised such that the first stage is expendable and the 
remaining stages are capable of maintaining the required overall filtering efficiency. 
The spray, averaging one-fourth gallon of water per square foot of filter, does not 
damage the filters. Because of the large volume of air passing through the filters, 
they would dry out rapidly so that any reduction in filtering efficiency would be 
short lived. 

The results o f  testing installed HEPA filter systeas and the reports available 
from continuous monitoring of all potentially radioactive building effluents show 
that all filtration systems in rlutoniuni buildings meet the administrative guide of 
6 x Ci/m of air. Elaborate testing has indicated that a very small quantity 
of particles of 0.09-pm size may penetrate the filters. An actual particle of 0.09-pm 
diameter projects to an aerodynamic mean diameter of 0 . 3  pm when the density of the 
material is considered. Filters are installed and tested to prevent a penetration of 
greater than 0.03% (3  particles per lO,OOO), which represents a decontamination 
factor of 3.33 x 10 per filter for particles of 0.3-pm aerodynamic diameter. 

3 

3 

. The cleaning power of filters is quantified by use of several terms: filter 
efficiency. decontamination factor, and penetration. Filter efficiency is defined as 

where Qd is th.: quantity of particslate downscream of the filter Qe is quantity 
upstream or entering the filter. The decontamination factor, D F ,  is defined as 

The percent penetration is (100 x ;/DF)%. 

To meet the radioactivity conctntration guides (RCG) set  forth in  ERDAM Chapter 
0524,  Rocky Flats' filtration systems are designed and maintained to assure that 
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3 effluents will have a plutonium concentration of-less than 0.06 pCi/m . 
of stages required to achieve this level of decontamination is calculated using an 
efficiency of 99.95% for the first stage and 99.8% for each subsequent stage. Three 
stages of filtration, representing a decontamination factor of lo9, are usually 
required to achieve the desired level of protection. During normal operation an 
overall decontamination factor of 10l2 is asnieved for the four-stage systems. 

The number 

The Rocky Flats systems have been operated and maintained in such a way that 
applicable emission standards have not been exceeded. Further, Rocky Flats has 
striven to achieve as-low-as-practical emissions; the building with major emissions 
has now achieved decontamination factors in the range expected of new plutonium 
facilities (i.e., 10 or better). This has been accomplished largely by using addi- 
tional filtration stages to achieve the desired decontamination factor. The DF for 
four stages equals the product of the factors for each stage, i.e., 2000 x 500 x 500 x 

500 = 2.5 x 10 . If 99.95% efficiency per stage were used, the overall DF would be 
1.6 JC 1013. Individual filters are accepted only when they have demonstrated an 
efficiency of 99.97%. However, for design purposes, the efficiency of the installed 
filter stage is rated and tested at 99.95%. Each successive stage is accorded a 

lower working efficiency (99.8%) even though the individual stages are tested to 
assure 99.95%. 

9 

11 

Very conservatively figured, if a system consisting of 35 filters for each of 
four stages were designed to handle an airflow of 26,000 cfm with a challenge of 
12 grams of plutonium per 24-hour day, the removal efficiency would be as shown in 
the Table 2.7.1-1. 

TABLE 2.7.1-1 

EFFICIENCIES OF A FOUK-STAGE FILTER PLENUM 
26,000 cfm through 35-filters-per-stage 

plutonium concentrations 

Stage Effici- 3 --- Filter Stage pg/da% pC i /m 
Before 1st 12 x 10 783,000 
After 1st 6,000 391 99.95 
After 2nd 12 0.783 99.8 
After 3rd 0 .  \)24 1.5 99.8 
After 4th 0.00004 3.1 x 99.8 

L 

Thus, it can be seen that for this extremely heavy loading (which ha5 been 
postulated to be a design-basis load. during cleanup, following a glove-box fire in 
which 500 g of plutonium were consumed). three stages of HEPA filtration would be 

The fourth stage is 
added to all Rocky Flats desikps to assure the required containment even if one stage 
is damaged or in the process of being changed. 

required to reduce the concentration to less than 0.06 pCi/m 3 . 
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The original HEPA f i l ter  banks were built with plain, carbon-steel frames and 
concrete or concrete block enclosures. (A  filter bank is a collection of several 
individudl IICPA filters arranged in a matrix.) These very eariy designs did not 
always ensure perfect sealing around each filter. Active chemical attack on the 
filters m d  fr,imes in buildings having chemical processes impaired cleaning efficiency 
in the early years of operation. Prior to the installation of plenum water sprays 
for fire protection, building fires in two buildings caused some warpage in the 
filter mountir,g frmework. The original system designs for plenum airlocks were such 
that each filter stage could not he individually isolated during filter changes so 
that ni.iterinl loosened during the filter changing could escape through the common 
airlock t o  a surceeding filter stage. All new plenum have individual airlocks to 
eliminate this pot<-ntial lcak so*irc'e. 

There h a w  been numerous modifications in the original filter systems to improve 
their overall efficiency. particularly since 1965, when overall releases from the 
facility rvachcd a .nasimum. During 1970 and 1971. for example, the filter framework 
in the main plenum of thr plutonium recovery building was extensively renovated and 
itn additional filter stage was added in the final plenun.. This brought the total 
number of in-line, process-area, filter stages to six. After the effluent from the 
original lour-stag(- plcnunl was actdi t ionnl ly processed through t w o  Kore stages, the 
overall system wiis  romparahIe to the design goal of modern systems. For plenums in 
buildings where corrosi\re matorials are handled, special precautions have been taken 
to reduce chemical attack. Scrubbers have been installed to remove corrosive gases 
from the a i r .  
m:idc of st.iin!css steel and an anticorrosive paint has been applied. No corrosion 
and no redurtion in t*fficic*ncy has been found. Certa'in chemicals, such as chlorinated 
hydrocarbon soIvr*nts. do not attack the media of the filters; however. the adhesive 
lining of tho f i 1 t c . r  is subjcct to attack and can result in an efficiency dccrrase. 
Recent design iniprcwtvncnt s have been made to assure containment of plutonium during 
filter changcs. As of 197.5 the Lata1 site release from Rockv F l a t s  had heen reduced 
nearly 1.000 times from 1965 l e v e l s ,  and the system decontamination factors are now 
IO1* to 10l1 or better for major rc*lcn.ic points. 

i 

I 
pium h a v e  been rcrbuilt o r  fully replaced in the l a s t  10 years to further improve 
filter efficiency. Testing these filter banks in-place has been initiated; they have 
been tested to an overall efficiepcp of 99.95%. using a particle size of about 0 . 3  
Irm. 

Sincc 1971, filter pIc.num mountings and bolts in these areas have been 

'The filter systc.ms in buildings handling greater than grdm quantities of pluto- 

A 15-person crew is assigned to filter surveillance and maintenance on a full-time 
basis. Filters are checked daily using magnahelic gauges to  monitor pressure differ- 
ential. Where necessary there are visual checks for physical deterioration of 
filters and automatic alarm systems which activate when the pressure differential 
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exceeds n prescribed level. Filters .art- chdnged on .in "4s required" hisis which is 
determined by the degree of lodding, t he  n.iturc. of thc. filtcrt-tl m.jtt*ri.tl, .in4 the 
type of work activity. Some are ch.ingc.cl every two to thrcw keeks, while others nidy 
stay :n service for several years. Used filters dri. p.JckaRc-d 4s rdio,wtisr solid 
waste and sent to a DOE-approved stor.ige site (Sex- Section 2 . 7 . 4 ) .  

In addition to improvements in esisting plutonium huiltlings, n nru plutonl'um 
recovery and waste treatment facility is being huilt to replace most t ~ f  the functions 
o f  the present chemical-recovery and waste-t reatment bui Itlings. uhich ;account for 80 

to 90% of t h e  total site release. The eiirborne. part iculate. radioxt ise ctm:ro: 
system for the new building is being designed in c~~ipliance with st.ir.tlards pub1ist .c .d 

by ERDA for tiew plutonium facilities. I t  is expected that uhcr. t h e  n w  Duil(1ing i s  

operational, the total plutonium releases will be substant ici! 1y redut-ed. l h e  eshaust- 
filter mounting frames in the four-stage HEPA filters of the neb building vi11 be 
constructed o f  stainless steel to minimize surface corrosion bhich c o u l d  C ~ U S C -  sea1ir.g 
problems around individual HEPA filters. . 

Many new plenums are designed so that they can be com~letcly isolatt-d during 
filter change or repair operations. This is particularly true f u r  ii:rrtt.d plenums. 
which must be returned to normal air atmospheres during maintenance. Thr ne*' building 
vi11 use mechanicdl refrigeration for precise temperature and humidity control to 

eliminate any moisture condensation in the filter plenums. Moisture in thp plenums 
c ~ r .  hasten vapor phase reactions, which m y  rhmage the filters and plenums. Dual 
scrubbing systems will be used to greatl!. reduce the chance of chemical fumes from 
reaching the filters. Flow to the scrubbers will be precisely controlled, and the 
scrubbers will be operated cold (65" F) to eqsure a high absorption efficiency. This 
flow control will prevent condensation of moisture downstream in the tfEPA filter 
plenums and ductwork. ?'he filter systems in all buildings are continually being 
reviewed for design improvements or operdt ing procedure changes. which may reduce the 
pctential airborne release of raeioactive materials. 

Sdall amounts of tritiun handled at the Plant result in the discharge of this 
isotope. Tritium is not efficiently removed by the HEPA filter systems. In accordance 
w i t h  the DOE policy that releases are "limited to the lowest levels technically and 
economically practicable" (USERDA, 1977). releases are so low that a tritium control 
system is considered unnecessary. TIie principal control of tritium releases is a 
strict liniit on the total amount o f  tritium that can be contained in materials pro- 
cessed by Rocky Flats, based on specific isotopic .~qalyses of incoming materials. 
All nonroutine, incoming shipments Gf special nuclear material are tested for tr; ium 
to prevent inadvertent processing of unknown amounts o f  that element. 
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2.7.2 Radioactive Airborne Releases 

Table 2.7.2-1 is a historical record of airborne alpha activity releases from 
Plant buildings. The table shows releases from Plant operation and releases frcm 
identifiable incidents during Rocky Flats' history. 

Considering routine operations, the increase in releases during the first years 
of  the Plant resulted primarily from the increase in total operations and amount of 
plutonium handled during those years. Releases from the original filter system then 
reached a relatively constant level of 1.500 to 2,000 pCi/yr. except during 1957. 
when a fire caused an abnormal release. Beginning in 1962, releases again began to 
increase slowly as the overall filter-system efficiency began to decrease lrom chemical 
corrosion. By 1965, normal operation releases reached a maximum of 5.346 pCi/yr. 
These releases corresponded to a masimum concentration ir! the exhaust stacks of the 
main plutonium buildirigs of less than 2 pCi/m3. which i s  the ERDA standard for pluto- 
nium irl air breathed by plutonium workers." 

No workers are continually exposed to stack effluents, but the ERDA standard for 
radiation protection (USERDA, 1977) is used as an administrative guide for stack 
effluents. The allowed concentration for workers ( 2  pCi/m ) is greater than the 
standard for plutonium levels in air to which the total population may Bt. exposed 
(0 .02  pCi/m3). This 0 .02  pCi/m3 value is applied administratively as .a control for 
total alpha activity i n  stack effluents. Dilution provided by dispersion of stack 
releases to the nearest populated area (see fppendix B-2) is adequate to reduce the 

3 effluent concentr3tions to significantly less than the allowable RCC of 0 . 0 2  pCi/m . 
(Using a dispersion factor of 5.04 x which assumes annual average meteorology, 
a release of 2,000 pCi/yr would yield a maximum, annual, average plutonium concentra- 
tion of 0.00003 pCi/m at the nearest populated area.) Thus, the maximum Plant 
release from normal operation has not exceeded any applicable RCG's. During 1965, 
Rocky Flats began a concentrated effort to reduce all Plant releases to much lower 
leve's. As a part o f  this effort, the filter systems i n  the main plutonium buildings 
were upgraded to include the use of four stages of HEPA fi1te.s for process lines 
ahead of the final two HEPA filter stages in the main plenum. This filter system 
renovation reduced the total Plant release from around 5,000 pCi/yr to dbout 500 
pCi/yr. Then, following the 1969 Rocky Flats firt (the fire caused a temporary 
increase in the routine Plat release because of some warpage in the filter plenums), 
another system renovation was bcgun to further reduce the Plant release. This system 
change was finished at the end of 1970. 

3 

3 

In addition to system changes designed to reduce emissions to levels as lou as 
economically and technically practical, administrative and operating limits have been 

%This RCG is based on the assumption that the plutonium is in a soluble form. 
Actually. almost all Rocky Flats releases are in the form of insoluble plutonium 
oxide. The ERDA RCG for insoluble plutonium is a factor of 20 higher; i.e., 
40 pCi/m3 for wotkers. 
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Yeax 
1955 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
i964 
1965 

Normal 
*>per,: 1':r.al 

Re1 ease 
(cICi) 

2 
65 
72 
229 
1595 
3144 
1435 
1321 
1457 
2974 
3903 
1749 
5348 

TABLE 2.7.2-1 
YEARLY ALPHA REIZASES TO AIR 
FSOM PLUTCXXUH FACILITIES 

Release 
F corn 

Incidents 
&il- - 

- 
- 

25618a 
3.4 x - 

- 
1 oc 
1170d 

Year 
1966 
1967 
1968 
1963 
1970 
1971 
1972 
1973" 
197t4" 
1975* 
197W 
1977" 

Norma 1 
Operations1 

Release 
-_ W i )  

323 
397 
488 
7 84 
354 
66 
59 
71 
22 
10 
4 
4 

Release 
From 

Incidents 
(VCi! - 

- 
856e and 20' 

2Sg 
qh and <bi*j 

,2k*= 

934" 

-- - - - --_ - 
a. Plutonium fire in production 5uilding. 
b. Total off-site re:ease from contaminated oil le, .age 

( 3 . 4  X I O 6  p C i  is the amount released from the old site 
boundaries; An terms of the new boundarlcs, about 2 . 4  x I O 6  
pCi is off-site). 

C .  Chemical explosion in glove box. 
d. Glove-box drairt plug fire. 
e. Plutonium glove-bos and building fire in production building. 
f .  Plutonium fire in tunnel be:wecn buildings. 
g. Contamination release from spill caused by cleaning plugged drain iine. 
h. Contaniination spread from reduction furn.ice cxplosinn. 
i. Plutonium can explosion. with fire and contamination. 
j,. Contamination from spill through holc in barrel liner. 
k. Incinerator glovc-bos explosion ar.3 f & m .  
m. Incinerator fire and contdmin<ition. 
n. Release frcn control valve failure. 

"Rrlcases from July 1973 and in subsequent years represent plutonium releases rather 
than total long-lived alpha activity. 
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set in recent years to ensure that total environmcntai releases are kept well below 
applicable DOE limits. 
1977).  utiich recommecds continuing improvements in cont 1 0 1  of stack releases. is 
stated as follows: ". . . operations shall be conducted in a manner to assure that 
radiation exposure to individuals and population groups i s  limited to the lowesL 
levels technically and economically practicable." 
ent in the release stacks of a11 buildings in which plutoniuni is  handlcd are sampled 
on a continuous basis. If any measurement shows a total long-lived alpha concentra- 
tion greater than 0.02 pCi/m3, an inunediate inLVestigative report is filed. 
are initiated to determine the reason for the release level and t o  plan corrective 
measures. Administrative limits provide addi 3 assurance that total off-site concen- 
trations Gill be well below the present DOE guide values. 

The DOE policy (called AIAP. or as-low-as practicable (USERDA, 

Measurements of radioactive efflu- 

Actions 

In the years 1975-1977, the yearly stack release h'is been 10 pCi/yr or less of 
plutonium. 

The isatopic composi t ions measured for weapons-grade plutoniunl a t  Rocky Flats 
are shom in Table 2.7.2-2. 
Rocky Flats plutonium during the last two years. 
cium-241, which is also an alpha emitter. 
nium releases includes sonic dmericiunl a l p h a  act 11.i  t y .  

processed at Rocky Flats i s  =*bout 10 years  old::; the anrericium-to-plutonium activity 
ratio ranges from 0.1 to 0.2. 
plutonius. This can result in a diflrrrnt rdtio. 

These per-cent.igt*s rc.prc-sent the ALrerage composition of 
Plutonium-241 decays t o  anreri- 

In gencral. the plutonium 
'Thus. the total alpha activity froin piuto- 

During processing, anc-rizium is separated from the 

TAR1.E 2.7.2-2 
ISOTOP IC COMI'OS IT1 ON OF 
ROCKY F 1 . m  PI-UTON I UM 

(July, 1976 through July 1. 1978) 

Percent By 
I s o x e  - Weight 
Pu-238 0 ? I  
Pu-239 93.79 
Pu-240 5.80 
Pu-241 0.36 
Pu-242 0.03 
TOTAL 

Alpha Beta 
Activity Activity 
(Ci/g) (Ci/g) 

1.7  10-3 
5.8 x 10'2 - 

1.2 s 10-6 

- 

1.3 s - - 0.37 

0.073 0.37 
- 

Uranium and tritlt:m airborne releases are shown in Table 2.7.2-3. Curium is 
handled at Rocky Flats and releases have been shown t o  be negligible. Neptunium and 
thorium are also handled at Rocky Flets, but i n  such small quantities as to preclude 
a significant release. 

%Created by reactor about 10 years ago. 
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Year 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

_I_ 

TABLE 2.7.2-3 
AIRBORNE REI.EASES OF URANIIJM A N D  THITIUN 

FROM ROCKY FIA‘TS PIAN?’ 

Alpha from Alpha from 
U-238 AredS U-235 Areas Tritium 

( V C i )  -<P(Jl_> -_ ccj 1 
38 230 
51 308 
34 540 - 
58 
523 
368 
339 
236 
277 
143 
139 
138 
167 
190 
58 
42 
63 
9 
28 
12 
19 

863 
483 
249 
277 
193 
186 
233 
112 
161 
51 
64 
4 1 
4 

11 
27 
28 
16 
21 

- 
- 
- 
- 
- 
- 
- 

Severa I hundred 

- 
- 
- 

1.1000 
5 10 
2 
1.2 
0.5 

Important filter improvements occurred in 1970; thus, the table reflects a 
decrease in emissions since 1970. On the basis of 1971 through 1977, it would appear 
that the expected yearly release of uranium-235 and uranium-238, separately, would be 
less than 50 pCi/yr. 

I 

I’n past years, Rocky Flats measured total long-lived alpha activity associated 
with uranium releases, but did not determine activity on a specific isotopic basis. 
Thus, the alpha activities listed in Table 2.7.2-3, which are reported as activity 
from uranium-235 and uranium-238 areas include activity from several uranium isotopes. 
Shown in Table 2.7.2-4 are the isotopes associated with enriched uranium (more than 
93% U-235 enrichment) and depleted uranium which are processed by the Rocky Flats 
facility. As can be seen, most of the activity of the enriched uranium comes from 
uranium-234 even though uranium-235 is more than 93%, by weight, of the total uranium 
content. 
uranium-235. 

This results from the much higher specific activity of  uranium-234 than 
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TABLE 2.7.2-4 
ACT1 V I  TY RAT1 OS OF ROCKY FLATS U&V I U>f 

Depleted 
Uranium" 
Th-231 

Alpha Beta 

- 4.9  
( c u 1  (ci/gl  

Th - 2 3 14 - 3 .4  x 10-7 

u-23(4 3.7 s 10-8 - 
U-235 4 . 9  

/' 
/ 

U-238 
Total 

Enriched 
Uranium";': 

Th-231 
Th-234 
U-234 
U - 2 2 5  
U-236 
li-238 
Total 

---_ 

/ 

/ -- 

- 2 . 0  s 10-6 

1 .8  s 10-8 
6.2 s lo-' - 
2 . 5  s 10- - 
2.0 s 10-6 - 

7 

1 2 -  .s- I 0 -8 - - -- -- ----6 
2 . 0  s 10- 5 6 . 4  s 10' 

As  indicated in T a b l e  2 . 7 . 2 - 3 .  thew h c i w  been only ti%o kniJkR releases o f  tritium 
from Rocky F l a t s  Plant.  
from :he 1973 r e l e a s e . )  
accidentally.  
human health or sa fe ty  occurred. 
inadvertmtlp processed a t  the Rocky F l a t s  Plant.  
personnel o f  the t o t a l  imount o f  tr i t ium coi;tained in t h i s  material indicated that 
500 to 2 , 0 0 0  cur ies  o f  tr i t ium were involved. O f  t h i s  amount. some 56 cur,cs were 
released i n  water eff luent from the Plant and some 100 t o  500 curies were retained ili 
tanks and ponds on site. h s t  of the r-tmainiilr, t t - i t  iuin  IS re1r.ist.d t o  the atitlosphere. 
Residual contatttination from the 1973 incident has resulted in a continuing. but 
decreasing, release o f  tr i t ium. 

(The amounts i n  1974 t h r t  rgh 1977 
I n  1968,  sevcr.ll hundred c t ~ r i t ~ s  o f  trrtium were re1e;:ed 

Investigations n t  the K o c . k y  F l < i t s  Plarlt indic.,lte th,it no threat t o  

I n  1973, iiiateri,il contmtinctttd with rritiuio W A S  

tesidu.tl quantit ies  

A determination by PIant and EPA 

All future 
ERDA standards. 

routine releases wil l  be maintained a t  a small fr,action of  applicable 
S p e c i f i c a l l y ,  Rocky F l a t s  has se t  an internal guide for tritium that 
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no concentration in the exhaust stack may esceed the DOE RCG for concentrations to 
which the general public is esposed (specifically 200,000 pCi/m ). Under this 
public esposure limitation, about 3,100 Ci of tritius per year could be released 
without exceeding the internal guide. Dilution factors at the Plant are such that 
the worst-possible, annual. average, off-site concentrations will be several orders 
of magnitude below the DOE RCG. 

3 

In addition to the above-mentioned limit on airborne effluent concentiations, 
the Rocky Flats Plant contractor has set an administrative limit of 0.1 curies per 
month on the total amount of tritium contained in materials processed at the faci- 
lity. This is not an official or foraal limit, but it is being used as an administra- 
tive control to restrict tritium reltases to a level uhich will be as-low-as-practic- 
able for the foreseeable worklcad requirements. 

2.7.3 Radioactive Liquid Waste / 
I 

and 
so 1 

2 . 7  

act 

Liquids subject to radioactive contamination are carefully controlled, collected, 
processed to remove contaminants. lhese contaminants are then concentrated, 
dified. if required, and packaged for shipment to a DOE-approved storage facility. 

3.1 Process Liquid Waste Collection 

Each building having production. research, or support facilities in which radio- 
\'e nrateri.ils are handled is equipped with a process-rsaste collection system. 

This system, whish is isolated from the =anitary-waste collection system, collects 
liquid wastes from such sourcer as process drains, decontaminaLion showers, labordtory 
sinks, janitor sinks, and flocr drains located in potentially contaminatcd areas. 
The process waste collection systen: also handles the disposal of water used in fire- 
fighting in these areas. The collected wastes are held in appropriate tanks pending 
analysis of the contaminants and determinatic,,, of treatment. Depending on the origin, 
the waste may be analyzed for plutonium, americium, uranium, hesavalent chromium, 
nitrate. pH, fluoride, beryllium, and other contaminants or conditions as appropriate. 

The majority o f  the Plant's process-waste holaing tanks are connected by pipeline 
to the waste treatment facility and the waste storage ponds. Several buildings that 
produce small volumes of wastes that are not compatible with the waste-treatment 
decontamination process are serviced by port.ible tanks or smaller, closed containers. 
These wastes are transported by truck to the waste treatment facilit; or the waste 
storage ponds. 

A 1977 amendment to ERDA Manual Chapter 6301 (USERDA, 1977) has required that 
all process wastewater piping systems bearing radioactively contaminated waste be 
doubly contained or inspectable. 
primary pipe to a collection reservoir. Water sensing devices in these reservoirs 

The outer containment guides any leakage from the 
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alert personnel t o  the presence of a leak so that i t  can be repaired and the leakage 
collectvd and sent t o  process wastewater trc.itment. All process wastewater pipes for 
radioactive waste, not ~lready doubly contained, are being modified to provide 
double containlncnt or inspectabilitp. 

i- -- 

Orgmic. w s t r  1 iquids, machine oi I s ,  lubricants, and solvents are collected in 
separate holding tdrbks and transtcrred t o  the waste treatment facility by separate 
pipeline or contnincr. Highly toxic process waste is shipped intraplant in double 
containment t o  contain Icaks. Low tosicitp materials may be moved in stdinless steel 
dumpster rqu i pinen t . 

All process liquids ntust be less than the Noma1 Operatioaal Loss (NOL) Discard 
Limits for the r,rdionucl ides Invol\~ed before they can be declared waste and transfer- 
red to waste trc.r~mcnt. l'hrsc disc.ird values are established by a contractor comaittee 
and appro\rrcl by DOE. In s p e c i f i c  instances, an exemption map be obtained for Waste 
with A part icul.ir rrcowiy yroblc.in (such escmptions are typically granted three or 
four times per yv-1r). Yastc khich escceds these limits must be reprocessed to recover 
radio.ict ivr inatcri,il khich is then recyclcxi into the produc:ion stream. 

Wastes I C S S  t h m  the SOL discard limits. but greater than ~ 0 0 . 0 0 0  pCi/l total 
long-lived .1lphn (T1I .u) .  rircs t rnn$.ferrcd t o  the r'lant waste decontamination facility 
for tre.itiiient (Swt ion 7 . 7 . 3 . 2 ) .  'Ihc 100,000 p C i / l  limit is the masinium allowable 
c'onccn~r~it ion of s ~ l ~ b l ~  Pu-2 59 dllowetl f o r  watc! in controlled areas (see USEHM 

H.inudl Chapter 0 5 2 4 ,  :\nnc*s .I, 1977). 

Wastes less t h m  100,000 pCi/l total long-lived alpha activity are released to 
the asphalt-1 i n 4  solar c.vapordt ion ponc!s wlrere they are stored for future processing. 
Water froat the solar ev,iporation ponds is now being processec, in the new waste treat- 
nrcnt facility (Section 2.7. 1 . 3 ) .  Scdinwnt from these ponds is handled as contaminated 
wdstr. The s o l a r  evdpor.ition popds dre currently being cleaned by draining the 
ponds, partially drying the sllcdge o r  .,ising i t  with moisture absorbers, depositing 
i t  in appropridte shipping containers. and sending it to an off-site radioactive 
wilstc repository. A f t e r  being c!caned and relined. the solar ponds will be used only 
for storing cooling tower blowdown water and tertiary treated effluent from the 
sanitary waste treatment plant. This water will be used as feed water for the reverse 
osmosis recycling plant. 
cleaned and relined solar pond for subsequent use as makeup water for the cooling 
tcwers. 

The rcvcrse osmosis product water kill be stored in another 

Wastes with less than 1,667 pCi/l alpha activity are released to the unlil-ed 
storage ponds (A-1, A-2. and B-2). The control guide, 1,667 pCi/l, is derived from 
thc Radioactive Concentration Guide (RCC) given in ERCX Manual Chapter 0 5 2 4 .  It is 
the RCG for soluble plutonium-239 in water consumed by an individual in the general 
population. The ponds are not available to the general population or connected to 
any public water supply. There are no regulations which apply to this water. The 
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control guide is an internally applied administrative limit. The liquid wastes from 
Ponds A-1 and 8 - 2  <ire collected in Pond A-2 and are subsequently removed by natural 
and spray evnporat ion. When the new waste treatment faci 1 i ty is operational, these 
wastes will be processed by it .  

2 . 7 . 3 . 2  Process Waste Treatment Facility 

The waste lrei~tmcnt operations handle all liquid process wastes that do not meet 
the requirements for on-site impoundment. The wastes are treated to prepare them for 
disposal. not for the recovery of plutonium. 

The first-stage operation treats the following typical liquid wastes from the 
Plutonium reco\vcry fmility: ion column effluent, distillate, americium process 
effluents, ca~stic ferric chloride solutions, condensates, basic solutions, and 
analyt ical 1abor.itory solutions. Acid wastes are first made basic, and the resulting 
solids are separated from the liquid. All wrrste liquids are then combined and treated 
with a carrier precipitation process. Ferric sulfate, calcium chloride, and a coagu- 
lating ager.t are used t o  form a precipitate that carries the radioactive contaminants 
out of solution. This precipitate is then filtered and packaged as sludge in a drum. 
Aqueous wastes containing plutonium coniplesing agents are made basic and are then 
so1idific.d with cement and an absorbent material in specially prepared drums. 

The Fecond-stage operation handles all other aquems process wastes that require 
trc.itnient and providcs further treatment for the first-stage effluent. The second 
stage consists ot two precipitation processes; one is batch and the other continuous. 
The batch precipitation process is used for all liquids that contain chemicals as 
weli as radioactive niatcrials. The continuous precipitation process may be used f o r  
liquids that contain radioactivity but no concentrated chemicals. Both processes 
utilize the same chcmicdl reagents; the precipitate formed is filtered and packaged 
as sludge in drums. All treated sludges are handled as radioactive waste and shipped 
to a DOE approved storage sitc. 

rhe treated effluents from both processes are held in isolated tanks until 
samples are malyzed. 
RCGs specified under EHDA Manual Chapter 0 5 2 4 ,  and which are chemically contaminated 
are impounded in the asphalt-lined, solar evaporation ponds. The non-chemically 
contaminated liquid is impounded in the unlincd ponds (A-1. A-2 .  and B-2. as show. in 
Figure 2 . 3 . 9 . 3 ) .  

Via a three-way valving system, liquid waste not exceeding the 

Chemical y contaminated waste impounded in the asphalt-lined evaporation ponds 
is transferre 1 to evaporator feed tanks and concentrated by a steam-fired evaporator 
as capacity permits. The vapors (overheads) from the evaporator are discharged to 
the atmosphere. The evaporator has a capacity of 230 gallons per hour and operates 

, L 
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continuously. Table 2.7.3-1 lists the contaminants and concentrations normally 
released with the evaporator overheads. 
transferred to a double-drum dryer that retnoves the remaining water. 
are packaged as s a l t  in a bos, xhich is sedled and banded then shipped t o  a WE-appro\.ed 
storage site. 
through 2.7.3-4. 

The evaporator concentrates (bottoms) are 
The dried salts 

The waste-treatment-facility process flow is shown in figures 2.7.3-1 

TABLE 2.7.3-1 
IMPURITlES IN WASTE-TREATMENT EVAPORATOR OVERHEADS 

Contaminant 
----..I_-__ 

Arsen i c 
Barium 
Beryl 1 iuni 
Cadm i urn 
Chloride 
Copper 
Chromium as Cr 
Cydnide 
Fluoride 
Iron 
Lead 
Ma ng a n e s c' 

Nit rat e 

pii 
Phosphate 
Silver 
Sulfate 
Total Alpha Activity 
Total Solids 
Tritium 
Zinc 

+6 

___- Concen - t ra t ion;? 
3 lo-z<;------ 
L" x ppni 
2 s ppm 
3 s ppm 
(1.0 ppm 
0.1 ypm 

(0.05 ppin 
0.01 ppm 

0.47 ppm 
2 s 10-3 ppln 

2 s ppm 
1.4 ppm 
8.9 

(0.5 ppm 

~2.0 ppm 
(1 .O  d/m/l 
5.9 ppm 
60 pCi/l 
2 s ppm 

(0 .1 ppm 

3 s ppm 

I___- * Maximum concentrations based on saaplinp. and analysis 
every two days of evaporator operation. 

Contaminated organic liquids. lathe coolant (CCl, and oil), and organic solvents 
arc received via a separate pipeline feeding into isolated feed tank systems. Miscel- 
laneous organic solvents and oils received by containers are filtered and transferred 
into the organic solvent feed tank system. 
the liquid with calcium silicate in a continuous mixer t o  form a solid. The solid i s  

packaged as "grease" in a drum. Figure 2.7.3-5 shows the organic waste process flow. 

These wastes are processed by blending 
I 
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Figure 2 . 7 . 3 - 3  Waste Treatment Process Flow, Secona Stage 
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2.7.3.3 New Waste Treatmect Facility 

A new waste-treatment facility 1s partially in operation. Chemically polluted 
liquid process wastes, including some containing radioacLive contaminants, will be 
received by the new waste-treatment facilitv from the solar evaporation ponds and 
other buiAdings when the facility is fully operational. 

Prior to being transferred to the waste-treatment facility, all liquid wastes 
ate analyzed to determine their general chemical cornyosition m d  specific radioacti- 
vity. The routing and the processing steps of waste treatment depend upon the chemi.?al 
composition of the wastes and the amount of residual radioactivity i n  them. 
liquid streams entering waste treatment are stored in tanks according to their compo- 
sition and intended routing within waste treatment. Liquid waste receiving-storage 
tanks include those for nitrate (acidic) wastes, basic wastes, laundry wastes, 
evaporator feed, and second- and third-stage precipitator feed. 

The 

Acidic wastes are neutralized wiih caustic soda (sodium hydroxide) and filtered 
Lo remove solids. In general. these neutralized wastes, plus blended basic wastes, 
are pumped to chemical reaction vessels where a multistage pLecipitatioc process 
begins. The process consists of precipitation, flocculation, and clarification. 
Effluents from the precipitation stages are analyzed in the clarifier effluent tanks 
for radioactivity prior to beir.g trdnsferred to the evaporator system. 

The solids from each clarifier are filtered out by rotary-drum filters (utilizing 
vacuum), and are then dried, cooled, and packed in stee! drums €or shipment as conta- 
minated waste to a DOE approved storage siLe. The fiitrate from the rotary-drum 
filters i s  recycled to the first-stage precipitator feed tank. 

The supernatant from the third-stage clarifier plus nonradioactive Plant wastes 
Concentrate from the evaporator feed tanks are fed to a multiplr-effect evaporator. 

from the last effect of the evaporator is fed into a spray dryer. Solids (salts) 
from the spray dryer are removed by a bag filter and a high efficiency particulate 
air (HEPA) filter; the salts are then pelletized. Water vapor exhausted from the 
s a l t  spray dryer is vented through a process filter prior to its release through an 
exhaust plenum to the environment. 
vented through a scrubber prior to its release to an exhaust plenum; scrubber waste- 
water is recycled back to the basic waste-receiving and blending tanks. The conden- 
sate from all stages of the nultiple-effect evaporator is used primarily for boiler 
feed water, and secondarily for cooling-tower water. 

Water-vapor exhaust from the sludge dryer is 

2 .7 .4  Radioactive Solid Wa_sE 

In i t s  handling of plutonium and other radionuclides, the Rocky Flats Plant 
generates radioactive scrap. or residue, and radioactive waste. Scrap is material 
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that can be recycled f3r productive use; radioactive scrap contains plutonium 0 -  

enriched uranium that is economically desirable to recover. Waste, on tne other 
hand, has no recoverable value. 

A total of about 6 , 7 0 0  cubic yards of plutonium-contaminated waste is currently 
generated annually. Nearly 1 ,200  cubic yards of this total is packaged and shipped 
to an off-site retrievable storage location. This is considered TRU (transuranic) 
waste. cihich is waste with more than 10 nanocuries of plutonium per gram (nCi/g). 
Approsimatelg 5.500 cubic yards per year is packaged and shi?oed to an off-site non- 
retrievable location; this is non-TR11 (NTRI!) waste that has less than 10 nanocuries 
of plutonium per gram. 

2.7.4.1 Radioactive Solid Waste Ccllection 

Removing solid wste from glove boxes involves transferring the waste through a 
glove-bos opening into an 8-mil plastic bag or sletve clamped to the opening. ?he 
oag is then tciiptcd. taped closed, and cut away. This  bag is placed In a second ba:: 
for added protect ion. These procedures are supplemented by forced, down-draft ve.,ri- 
lation; individually fit:ed respiratory protection €or all personnel; close radiation 
monitoring surveillanct~; and protection from external radiation. Because of its 
origin. a l l  waste of this type is considered by the Deparrment o f  Transpqrtation 
(DOT) to be of SOS (Not Otherwise Specified) activity.;$ 1.04 Specific Activity (LSA) 

waste has less than 100 nanccuries of plutonium per gram of waste; NOS waste contains 
Lore than 100 nCi/g. The more restrictive W E  designations, TRU and NTRU wzites (see 
previous paragraph) are used as guides for waste handling, 

Other csntavinated solid wastes result from materials such a5 clothing, paper 
used by employees in process or controlled areas (but outside glove boxes). and sur- 
geons' gloves ;  they are designated LSA i f  no significant X- o r  gama rddiation is 
noted b y  radiatiol. monitoring w.irv*ys and if no measurable plutonium is indic3tcd by 
drum-counting techiiques. These techrtiques involve detect-rs designed and calibrated 
tn identify and quantify the radioactive elements in each drum containing rcntaninated 

, WdS1.e. 
: 2 . 7 . 4 . 2  Radioactive Waste Packaging 

Host radioactive wastes are sorted and packaged in 55-gallon steel drums manu- 
factured under a quality control program to ensure couF>iance with Department of 
Transpcrtation (DOT) specifications. A thick-walled polyethylene drum liner is used 

to contain TRU wastes inside :he drum €or retrievable storage. The polyethylene 

T m o r e  detailxziscussion of Department bf Transportation packaging and shipping 
specifications is given in Section 2 .6 .10 .  
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liner provides added resistance to corrosion from the contents, increases resistance 
to tear or puncture, and is a means of containment even if the steel drum corrodes. 
The plutonium content o f  edch drum is determined by counting gamma radiation in a 
shielded drum counter that has been calibrated for the type of waste involved. The 
drum counter utilizes sodium iodide and/or germanium gamma-ray detection systems. 
These systems record gamma rays emitted by plutonium-239, and the data are correlated 
with standards to arrive at a plutonium assay. Counting standards are prepared by 
the standards laboratory using techniques traceable to the National Bureau of Standards. 
The drums are loaded either onto cargo carriers, which are then placed in ATMX cars, 
or onto semitrailer trucks. Both the trucks and ATMX cars are gamma-surveyed before 
they leave the Plant. 

Some wastes such as glove boxes, large equipment, and construction materials are 
too large to fit into a 55-gallon drum. These items are disassembled to reduce the 
volume (a process called size reduction). The existing size-reduction facility is 
located in the vicinity of the site for a proposed Advanced Size Reduction Facility, 
now receiving budgeting consideraLion. Operations performed in the existing facility 
are designed to minimize the volume of solid wastes. Personnel routinely performing 
these operations in the existing facility are required to wear full protective clothing 
with supplied air. The Advanced Size Reduction Facility will take advantage of the 
latest technology for remote handling and cleaning o f  solid waste, thus achieving a 
greater degree of safety than exists in the present facility. 

After disassembly, waste materiai:. are cleaned to remove plutonium and packaged 
into 0.75-inch-thick plywood boxes. For retrievable storage, the boxes are coated 
with fire-retardant and fiberglass-ieinforced polyester. These boxes are manufactured 
under a quality control program to ensure compliance with DOT specifications. 
itC.1 placed into a plywood box is monitored with a calibrated, portable, sodium 
iodide detector t o  detect any significant residual plutonium. 

Each 

All primary containment packaging for contaminated waste is controlled by Quality 
Control Plan "Material Packaging, Shipping, and Transportation" (RI, 1977). Specific 
packaging items are subject t o  receiving inspection and testing as directed by the 
operating contractor's Quality Control group. 

2.7.4.3 Radioactive Waste Shipp;ng 

Rocky Flats uses rail cars and truck trailers to ship wastes at the present 
time. Drums and uncoated boxes containing NTRU waste such as evaporator salts, sewage 
sludge, and material contaminated with depleted uranium and beryllium are trucked. 
All other drums having TRU waste are placed in cargo containers that are loaded into 
ATMS rail cars, which are specially designed cars owned by DOE. All rail shipments 
go to the TSA (Transuranic Storage Area) at INEL where the cargo containers are 
unloaded. All coated boxes are also shipped by ATMX rail car. 
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Waste drums and boxes are monitored €or gamma radiation and alpha contamination 
by Radiation Monitoring personnel at Rocky Flats prior to their departure from the 
Waste Management final inspection area. A T P  rail cars are gamma surveyed after they 
are loaded and prior to leaving the Rocky Flats Plant. After being unloaded at INEL, 
the rail cars and cargo containers are monitored before being returned to the Plant. 

2.8  CHEMICAL AND BIOCIDAL WASTES /-. 

The Rocky Flats Plant has over 1,800 diffekt chemicals on the site, of vhich 
the majority are present only in laboratory quantities. 
the Plant, particularly in Production, Research and Development, Plutonium Recovery, 
and the laboratories. Table 2.8-1 lists tha major cheuiirals and the consumption of 
each in 1977. 

Chemicals are used throughout 

The quantities are typical of annual consumption rates, 

TABLE 2.8-1 
CONSUMPTION OF CHEMICALS, FY 1977 

Chemi ca 1 Quantity 
Acetic Acid 25 lbs 
Ace tone 384 lbs 
Ace t y 1 e ne 66,700 cu ft 

, Argon 8,350,000 cu ft 
Calcium Metal 75P l b s  

~ Carbon Dioxide 2,000 lbs 
Carbon Tetrachloride 5,334 gals 
Caustic Potash 208,050 lbs 
Caustic Soda 2,924 Ibs 
Chlorine 5,700 lbs 
Chromic Acid 200 lbs 
Chromic Oxide 256 lbs 
Chromium, Elementdl 110 lbs 
Cycloheyne 30 gals 
Ethanol 85 gals 
Freon 12 24,000 lbs 
Freon 13 46 lbs 
Freon 22 2,970 lbs 
Freon R502 125 lbs 
Helium 960,000 cu ft 
Hydrochloric Acid 6,276 lbs 

-- Chemical Quantity 
Hydrofluoric Acid 558 lbs 
Hydrogen 6,108 cu f t  
Hydrogen Peroxide 1,524 lbs 
Isopropanol 48 lbs 
Mercury 22 lbs 
Met hdrol 65 gals 
Nitric Acid 134,337 gals 
Nitrogen 30,512,383 cu ft 
Nitrous Oxide 1,860 lbs 
Oxygen 137,536 cu ft 
Phosphoric Acid 630 gals 
Propane 3,400 cu ft 
Sodium Chromate 50 lbs 
Sodium Nitrate 2,000 lbs 

100 lbs Sodium Nitrite 
Sulfuric Acid 1,797 lbs 
Toluene 798 gals 
Tordon 22K 10 gals 
l,l,l Trichloroethane 4,675 gals 
Trichloroethylene 330 gals 
Xylene 10 gals 
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Wastes resul in 

/- 

from he use of these chemicals are r nsferred to the waste 
treatment plant. There they are stored, neutralized. concentrated, and solidified 

waste-treatment processes are handled in special batches. Organic solvents may be 
burned in a fluidized-bed incinerator. Highly toxic chemicals may require specialized 
treatment to render them innocuous and allow safe disposai. 

/ for shipment to a DOE-approved storage facility. Chemicals incompatible with normal 

Sanitary waste lines (see Section 2 . 9 )  collect human wastes and convey them to 
the sanitary waste (sewage) treatment plant. Conditioning chemicals are added; some 
organic wastes are biologically degraded to carbon dioxide. The residual solids con- 
taining the majority o f  insoluble organic and inorganic materials are concentrated, 
dried, and shipped t o  a DOE-approved storage facility. 

Certain nonradioact iue but potentially toxic materials used in or resulting from 
various production processes may enter the vertilation systems; they are subject to 
monitoring by sampling and analysis and, in some cases, by automatic sensors. Beryl- 
lium, carbon tetrachloride, sulfur dioxide, nitrogen oxides, and combustion-product 
particulates are materials for which ventilation and discharge monitors or samplers 
are provided. At least one stage of IfEPA filters is used to purify ventilation 
exhaust air in all buildings in which potentially hazardous materials are handled. 
The release rates for nonradioactive materials consequently are minimized by filtration 
through systems similar or equivalent to those used to contiiin radioactive materials. 
Table 2 . 8 - 2  lists the ncnradioactive a i r  contaminants, Plant areas from which they 
originated, and normal average release rates for FY 1975; air contaminants in boiler 
flue gases are not included in this table (see Section 2.6.6). 

TABLE 2 . 8 - 2  
AVERAGE, NONRADIOACTIVE, AIRBORNE- 
EFFLUENT DISCHARGE UTES-- ry 1975 

(grams per second) 

Carbon 
Plant ,hea !cry1 l i ? ~  Tetrachloride HydrocarboE Solvent sQ -_ --- 0 

l+oo 5.03 x lo-' 0.40 3 . 0  s lo-' 0.10 
500 1.54 0 0 0 
700 1.77 s 4 . 0 3  7 x 10-2 0.10 
800 3 .17  s 0 . 3  1.8  x 0.12 
900 1.46 0 0 0 

WFTinarily acetone, 

Biocides are used in cooling-tower water treatment to prevent biological fouling. 
Other chemicals are required to maintain proper Water chemistry. Approsimately 882 

! 
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pounds per year of various water treatment chemicals are consumed in this manner, 
most of which are transferred with thc cooling tower blowdown tc the sanitary waste- 
treatment system. 

Biocides and herbicides are used in veed and pest control on the site, The 
Rocky Flats Plant is a participating member of the Kalston Valley Weed Control Dis- 
trict. The district was established to eliminare and control the growth of nosious 
weeds in northern Jefferson County. Pest control for insects and rodents is a!so 
practiced at Rocky Flats. Veed and pest control actions are coordinated with the 
Jefferson County Estension Service and the Colorado State Department of Agriculture. 
Plans for application of pesticides and herbicides are prepared in accordance wi th 
guidelines issued by the Federal 
ties are advised of the schedule 
and herbicides 

I .  WEED 
A. 

B. 

used in 1977. 

Working Group on Pest Management, and local authori- 
for implementation. Table 2 . 8 - 3  lists the biocides 

TABLE 2.8-3 
BlOCIDES AND HEKBIC!DES 

(1977 Program) 

CONTROL OPEI(r1TIONS 
Access roads - Sterilize 10 acres with a mixture of Tordon ( 0 . 5  lb per 
acre) and Hyvar SL ( 4  lbs per acre) or Ureabor (1.5 lbs per 100 
square feet ). 
Security fence - Sterilize 10 acres >ita a mixture of Tordon (0.5 lb 
per acre) and Ifyvar XL ( 4  lbs per acre) or Ureabor (1.5 lbs per 100 
square feet) .  

C. Other areas inside security fence - Treat 100 acres with a mixture of 
Tordon ( 0 . 5  Ib per acre) and 2, 4-D Butyl Ester 6 (2 lbs per acre) or 
Ureabor (1.5 Ibs per 100 square feet). 

0. Areas outside security fence 
1. 

2 .  

E. Weed 
1. 

2. 

3 .  

Wheat fields - Spray 300 acres from helicopter with a mixture of 
Banvel (0.25 lb per acre) and 2, 4-D Butyl Ester 6 (0.5 lb per 
acre) i n  a water carrier. 
Other selected areas - Spray 2.000 acres from helicopter with a 
mixture o f  Banvel (0.25 lb per acre) and 2, 4-D Butyl Ester 
(0.5 lb per acre). 
Ki 1 Iers 
Tordon 22K: 4-amino-3-5-6 trichloropicolimic acid 
(as potassium salt) 24.9%; Inert 75.1% (EPA Reg. No. 464-323 AA) 
Hyvar XL: Lithium Salt of Bromacil (5-amino-3 secbutyl-6-methy- 
luracil) 21.9%; Inert 78.1% (EPA Reg. No. 352-346-ZA) 
2 ,  4-D Butyl Ester: 2-4-dichlorophenosy acetic acid (butyl 
ester) 78%; Inert 22% (EPA Reg. Na. 148-289) 

, 
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4 .  Ureabor (66% sodium borate, 30% sodium chlorate and 2% Bromacil), 
USDA Reg. No. 1624-90 

5. Banvel: 3. 6-dichloro-o-anisic acid 40.6%; Inert 59.4% (EPA Reg. 
NO. 876-25-iA) 

TREE SPRAY OPERATIONS 
A. Approximately 1,000 pine and spruce trees 
B. Malathion diluted with water and applied by hand sprayer 
C. Malithion 50% diluted (1 02 per gallon water) and applied at the rate 

of 0 . 5  pint per tree during tuo different periods between May and 
September 

0. Malkill - EPA No. 960-123-33537 
BLACK WIDOW SPIDER KILL 
A. 

B. 

C. 

MICE 
A. 

B. 

C. 

Diazinon: 0,O-diethyl 0-(2-isopropyl-6-methy1-4 pyrlmidinyl) 
phosphorothiate 48%; Inert 52% 
Applied with hand sprayer at rate of 1 gallon of 0.25-0.5% per 1,000 
sq ft 
USDA Reg. NO. 100-463 

AND RAT CONTROL OPERATIONS 
Bait boxes (~100) distributed throughour the Plant site. both inside 
and outside buildings 
Bait boxes contain Warfarin (0.025%) diluted with grain (1 pound per 
box) 
Warfarin - USDX Reg. No. 76-115-&% 

2 . 9  SAN I TAKY WASTES AND OliIEK LIQUID EFFLUENTS 

This section describes the collection and treatment of sanitary wastes and the 
flow of surface Gate 's  from rain and snowfalls. A brief menti.rn of subsurface water 
(described earlier in detail in Section 2.3.5) concludes the stction. 

I 

I 
2.9.1 Sanitary Waste Collectjon and Treatment 

The sewage treatment plant at Rocky Flats is the activated sludge type with a 
design capacity of 450,000 gallons per day, but it can handle higher peak loads (up 
to 600,000 gallons) for short durations. Present daily flows ufually vary between 
150,000 and 250,000 gallons per day in dry weather. In extended wet weather, peak 
flow rates above 250,000 gallons per day can be experienced because of high infiltra- 
tion into the system. 3ne of two 70.000-gallon, prg-aeration holding tanks, shown in 
Figure 2.9.1-1, located upstream from the sewage plxt. serves as a surge basin to 
smooth out peak flows. Table 2.9.1-1 lists the totzl monthly ana peak daily sewage 
flows for Fiscal Years 1975, 1976, and 1977. 

2-188 

1 

I 

i 
- 

.--- 

. 

/' 



, , 

Figure 2 . 9 . 1 - 1  Flow Chart for Aqueous Waste 
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FY 1975 
Max. 

Month Total Daily 
July 5246" 234* 
August 5720 230 
September 5145 267 
October 5683 238 
Novembex 4950 244 
December 4560 238 
January 4421 225 
February 5200 24 1 
March 4741 194 
Apri 1 551 1 i 84 
May 61 20 2 50 
June 5652 244 
July 
August 
September ___ 
Totals 62,949 

TABLE 2.9.1-1 
SEIJAGE FLOWS 

(x  1,OC3 gallons) 

FY 1976 
Nas . 

T* Ddi ly 
5251 233 
4328 239 
3940 184 
3924 177 
4202 184 
5040 211 
4930 208 
4646 229 
4409 256 
4803 218 
5463 260 
5666 258 
5485 234 
5219 273 
567.: 292 

72,980 

5209 233 
4633 21 1 
4532 195 
5216 2% 
3947 1814 
4435 219 
494 1 222 
5089 223 
4 74 0 236 
4788 2 50 
4960 210 
4339 170 - -_- 

56.829 

*Estimate based on average for year. 

A second 70,000-gallon holding tank was added to  peiaii  t scwagc from pIutoniuni 
areas to be diverted to that tank for retention should scme incident C:IUSC contminrt- 
tion of the sewage. Either or both of the tanks can be used. .is needed. t o  retain 
sewage or act as surge basins. 

Flow in the sanitary sewer lines is  generally by gravity from vest to  e a s t ;  hov- 
ever, two major sewage lift stations are required f o r  lox-lying buildings. Piping 
keeps sewage from plutonium and non-plutonium areas separate up t o  .I tliwrsicv-i hos 

located immediately upstream of the holding tanks. 

Effluents from the sewage plant flow irito Holding Ponds R-l and R-'l in the 
eastern portion of the Plant. 
from these ponds flows through Pond B-4 dovn South Galnut C r e e k  into Great kkstern 
Reservoir, one of two water supplies for the city of Broontfield. Improved sampling 
equipment for influent material was installed in FP 1972. permitting continuous 
samples to be taken instead of the once-per-day samples fornierly taken. Similar 
sampling equipment was installed in FY 1973 for effluents. 

These ponds are monitored on a regul+r basis.  Water 

1 
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Dissolved oxygen contro l lers  were instal led during FP 1973 on the sanitary waste 
treatment a e r a t o r - c l a r i f i r r s .  This addition impraved ront rol and dr.crt.dst.d the 

of residual ch lor ine ,  s e t t l e a b l e  solids.  and turbidity i n  t h c  sc.t.'igc p I . i n t  c . f f  lutnt 
exceeded standards promulgated that yc.ir by the Colorado Dc.l,.irtnwnt <)I 11e.11 t h  ( I b k .  

1974). However, during 1974, the Plant's liquid effluent remained h i t h i n  t h ~  CI)H 
standards. The addition of a f ina l  c l a r i f i e r  and f i l t e r  in 1.1te l r 7 k  pt-ovicltd 
t e r t i a r y  trcatment, making i t  possible for Rocky FI.its t o  mt*cbt Coloratlo I r q u i c t  v f f  luvnt 
standards madc e f f e c t i v e  i n  January 1973. and . t g p l i c ~ b l ~  f'cvfc.r t l  srantl.ard5 ~ I 3 E P . l .  
Aup J S ~  1973). 

-I__ production of n i t r a t e s  under I ight loads. During 1973 . tnnu, i l  a r r . i ge  concent rdt ions 

/r 

- 

i 

X fourth s t e p .  rel'erse osmosis. wi l l  be ~ d d * d  to t h e  siinit.4r-y w k . s ~ c  trt.atnic:nt 
process in 1979. The chlorinated sanitaty effluvnt v a t r r  front t v r t  iary :rt..itincnt 
wi l l  br pumped t o  a lined pond, t o  be used i i ~  a stordgc pond for t h t .  ire(!  *-.i?t-rs fcjr 
the reverse osmosis plant.  The reverse osmosis pond water is fed ti, t t i v  rt:st'rse 
omosis plant and is again chlorinated. The dcsircsd free chlorine ioncent r,h: i o n  is 
0.5  flig/l. The re-chlorinated feed water i s  then proccsstd OVVI- A d u a l  tied s m d  

f i l t e r ,  through il water conditioner to remove the ciilcuini and t h e  m; ignc*s iui i i  that may 
b e  in solution and through a diatomaceous earth f i l t e r  t o  remove .in?. co l lo ids  I.irger 
than 0 . 5 ~ .  The tcmpcrature o f  the feed water i s  incrt.ascd i o  25" + 1°C. and th is  i s  
fol loscd Ly acid addition t o  reduce the ytl to 5 . 6  0.1.  'l'ht- fct4 u,itcr is t h e n  
pumped to  the prlmary r'c\'erse osmosis unit which cons is t s  of' thrt* t .  srrigc*s of hollow 
f i n c  f i b e r  c c l l u l o s e  t r i a r e t a r c  nteinbranes which rccovcrs 871 of thtr  w d t c r .  ?'tit* 

remaining 132 is fed to  the secondary reverse osmosis u n i t  k h i r h  consist of three 
stages o f  sp i ra l  wound cc l lu lose  acetate nieiitbr;tnes. :\g.tin. X7'7,, of the 1cr.d water is 
recovered for a t o t a l  water recovery o f  982,. lhe  pit of rc\vrse o s w s i s  product 
water, both primary and secondary. wil l  be increased to 7 .0  + 1.0 and str)rc.d in a 
holding pond unt i l  used in the rlocky F l a t s  cooling tolittrs. The re\-t>rsc osmosis b r i n e  
wil l  be sent to the proccss wastct trcntnrcnt plant for evaporation and spriay drying. 
The s a l t s  w i l l  be packaged and sent to a WE approved storage s i t e .  

Keu l imi ts  for  miiteridl i n  the Plant 's  w<istwater art. cont.1inc.d i n  the. NJtion.il 
Pollut.int Discharge El iniin.ition System (NPDES) permi t nt.tdc v f f t - c t  ive Svpteinl)c.r 6, 
1974. 
2 . 9 . 1 - 2 .  

f h c  permit's daily l imitations ha\*e heen csceetfvd 20 t i n w s .  shokn i n  Table 

Sanitary r'astewater is kept separate from a i  1 prcrcc3.s uastt*k.iters and nt,rnraIly 
contains no r d i o a c t i v e  wastes from the plant.  Rout Inca r . ~~ I io log ic , i l  monitoring of 
the s m i t a r y  waste eff luent I S  performed. The cffliwnt t r~)ni Holding Vond B-3 (see 
Figure 2 . 3 . 5 . 3 ) ,  to  which the sanitary wastes d.schsirgrd. i s  a150 monitored 
before i t  i s  released t o  Pond B-4 and eventually i o  CrL.it Wvstcrn Hesc,rvoir. At 

present,  however, the to ta l  release o f  radioact ivi!;. from the Rocky F l a t s  s i t e  through 
Pond B-4 is dominated by radioactivity from pist kJilcfu1z i n  Ponds 6 - 1 ,  B-3, and 8-4. 

The buildup resulted from the r r lease  o f  imndt-y .*. isctwC*tc-r e f f l u e n t s ,  ..i prac t i ce  
that has been discontinued, 
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TAB1.E 2 .9 .1-2  

VIOLATIONS OF NATIONAL POLLUTANT DISCHARGE ELlMlNATION SYSTEM PERYIT 

Date 
10/19/74 

1/02/75 
1/03/75 
1/04/7 5 
1/05/75 
1 /06/75 
1/09/75 
1/31/75 
3/24/75 

12/04/75 
3/17/7 6 
3/18/76 
9/16/76 

3/04/77 

3/0 5/7 7 
3/06/77 
3/07/7 7 

10/28/77 
12/14/77 
12/15/77 

Permit 
Parameter L i m i t s  

Suspended S n l i d s  25 mg/l 
BOD5* 

BOD5 
BOD5 
BOD5 
BOD5 
BOD5 
BOD5 
V i s i b l e  foam 

PH 
BOD5 
BOD5 

BOD5 

Fluoride 

F1 uoride 
Fluoride 
Fluoride 
F 1 uoride 
BOD5 
BOD5 

25 mg/l 
25 mg/l 

25 mg/l 
25 mg/l 
25 m g / l  
25 mg/l 

25 mg/l 
None 

6 - 9  
25 mg/l 
25 mp/l 
25 mg/l 

1 .7  m g / l  

1.7 mg/l 
1.7 mg/l 
1 . 7  mg/l 

1 .7  m g / l  
25 mg/l 
25 mg/l 

E€ f luen t 
Concentration 

53 m g / l  
44 m J 1  

260 mg/I 
68 mg/l 
46 mg/l 
44 mg/l 

52 mg/l 

26  mg/l 
V i s i b l e  foam 

5.9 
49  mg/l 
26 m g / l  
49 mg/l 

1 . 9  mg/l 

3 .0  mg/l 
3.0 m g / l  
2 . 4  m g / l  
2 . 0  mu1 

29 rg/l 
27 mg/l 

S u s e c t e d  Cause 

Erroneous Measurement 

-- 

tt 

** 
.I.* 
n ,. 
;44 

w 
** 

Unknown 
High s u r f a c t a t  s ,  

source unk:iown 
Changing c h l o r i n e  b o t t l e  
Unknown 
Unknown 
Iron oside from steam 
plant 

Concrete s e a l e r  from 
Bldg. 371/374 

It 

11 

11 

11 

Unknown 
Unknown 

A - Bioc emical Oxygen Demand, 5-day 
* i E % a n o l  adhdition i n  an attempt t o  d e n i t r i f y  s a n i t a r y  e f f l u e n t  

. .  
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Admin 
ponds. No 

over 40 pC 

strative limits have been placed on releases from the B-series holding 
vater will be released from Pond 8-3 when it contains total alpha activity 
/1. With d concentration linlit of 40 pCi/l on total alpha activjLy, the 

maximum release o f  total alpha activity would le 12,000 pCi/yr. 

Water containing concentrations of total alpha activity in excess of 40 pCi/l 
will not be released unless specific plutonium analyses are performed and it is 
determined that the plutonium activity is less than 1% of the curretit RCCI for plutonium 
in water to be released to the general environment; i.e.. unless the plutonium 
activity is less t h m  16 pCi/l (1% of the 1,667 pCi/l limit for plutonium). The 
maximum yearly release of plutonium at the 16 pCi/l concentration limit would be 
about 5,000 pCi/yr. This is a self-imposed upper limit that is not expected to be 
approached. Actual, total re- 'ases in recent years have been about 500 pCi/yr. 

2 . 9 . 2  Surface Drainage 

Surface drainage includes runoff froiii ra in  o r  snow that falls within Lhe Plant 
property and also rainfall outside the property that is carried onto the property by 
natural or constructed drainage courses. Additional surface drainage may at times 
result from high winds bloxing surface water from the various ponds onto the surroun- 
ding soi 1, 

Rocky Flats presently has ditches, culverts, and underground piping for collect- 
ing and controlling surface water runoff (see Section 2.3.5.1). 
into three natural drainage basins; North Walnut Creek, South Walnut Creek, and Woman 
Creek (see Figure 2 . 3 . 9 - 2 ) .  The natural channels eventually deliver water to reser- 
voirs that serve as public water supplies for nearby populated areas. Ponds on the 
channels serve t o  moderate storm-water peak flows in the lower reaches of the streams 
and provide water quality monitoring points. Three ponds. A-1, A-2, and B-2, are 
being used predominately for storage of low-level wastes from the Plant laundry. 
Piping has been installed to divert natural drainage and storm runoff around these 
ponds to avoid disrupting waste storage. The wastes stored in these ponds will be 
transferred to the new waste-treatment facility for processing and disposal when that 
facility is completed. 

The runoff is released 

Storm water runoff predominantly flows in a west-to-east direction, with the 
North Walnut Creek and South Walnut Creek flows converging within the Plant boundary. 
This combined flow continues on to the Great Western Reservoir. The flow in the 
southern drainage is discharged to Woman Creek, a tributary to Standley Lake. The 
areas contributing runoff to the natural drainage include approximately 115.5 acres 
to North Walnut Creek, 245.7 acres to South Walnut Creek, and 20.5  acres to  Woman 
Creek. 

2-193 



To prevent excessive storm runoff from causing overflows of the various reten- 
tion ponds, several modifications have been made. These modifications were designed 
to decrease total runoff through the drainagc channels and holding ponds and to 
provide additional retention volume. The A-3 reservoir Las added in 1974 and is 
capable of containing approhimately 43 acre-teet (over 14.1 million gallons) of 
water. Normal runoff is held and sampled in Pond A-3. Runoff volume never exceeds 
10% of A-3 ’ s  capacity. 
runoff to flow aroand A-3. Only grab samples can be taken in this case. The .4-3 

holding capacity must be maintainnc4 a s  a backup during a storm to capture any acci- 
dental releases in the event of a dike .failure at the solar evaporation ponds. 

During heavy storins, the bypass can be opened to allow 

HcKay Ditch, which tdkes  water from stream vest of the Plant, Lias re-routed 
from its original drainage (into North Valnut Creek) to a new ravine feeding Great 
Western Reservoir. ‘Thc.rc,fore, water that vould have entered North Valnut Creek is 
diverted to decrease storni-runoff retent ion rtquirements of the drainage serving the 
Plant’s central rirc’ri. A hyp,i..;s lint. k d s  dddcd t o  diivert South W.ilnut Creek flow 

around Ponds B-I, B - 2 ,  and R-3 so as not to  disrupt th’. holding pond system. which 
is used for sanitary and laundry \*‘.istt’w,it~r effluent. Figure 2.3.9-3 shows the 
various holding ponds and cffluc-nt streaiiis serving the Plant, plus the piping, valves, 
and pumps for controlling the t1rain.tge flov under normal and storm runoff conditions. 

Dams at these holding ponds were tlcsigntd using d rainfall intensity of 14 inches 
in a sis-hour period. Thy rainfa1 I ~ I L  Rocky Fl,its averages npprnsimately 15.5 inches 
per year, with thr peak rta)rdc:l rainf.111 occurring in 1969. A severe storm in May 
of 1969 accounted for 7.15 inche.2 o f  thc. 1-rcortl 25.05-inch rainfall thai year. One 
study assumed that t h i s  storin rt.prescnts. as ii minimum. the 25-year, 3-day flood 
(ESI e 1974). This iissunipt ion is consitlerctl to be quite conservative; using U.S. 
Weather Services Guides, i t  w.is est riilxilatcd t o  determine the lOO-year, 3-day f-lood 
as a worst-case design basis for  surface runoff con:rol measures. Such a storm k u l d  
result in runoff-water vo!unies of 56 acre-fe e- ,  97 acre-feet. and 28 acre-feet on the 
first, second, and third days of the storm. rchspectively, for a total three-day 
runoff of 182 acre-feet (ESI. 1974). A flood control system, presently clnder construc- 
tion is discussed in Section 5.5 .4 .  

The hydrology and groundwater flow characteristics of the Rocky Flats site are 
described in detail in Section 2 . 3 . 5 .  Most o f  the groundwater is in the sediment 
gravel capping the bedrock. In general, the quantities of water involved arc small 
because recha.-ge i s  low, the rates of groundwater flow are low, and because most of 
th is  water is intercepted by the land surface and leayes the site in streabs that 
drain the area. Groundwater can leave the site through the alluvial material in the 
stream channels and ailuvial material capping the bedrock. Because of the clcse 
relationship between subsurface and surface water systems and drainage on the site, 

.&. 
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mdny 

appl 

of the contro 
cab le  to  both 

Plant eif1ut.n 
liquids are  stored 
c l a y .  asphal t ,  and 
e f fcc t ive 1 y f i 1 t er 

measures ins t i tu ted ,  s u c h  as holding ponds and mon 
sys t ems. 

s do not nornially enter  groundvater sources. Piant 

tor ing,  a r e  

process wast 
i n  s o l a r  cvapor,rtion por.ds which have a s e r i e s  o f  l iners  (natural 
polyvinyl chlor ide)  that inhibi t  groundwater leakage and w h i c h  
insolublt. hl.,ivy metals,  such as plutonium, from any water which 

moves through t h c  l i n e r s .  O n l y  in the e\*ent of a major accident or catastrophic 
f a i l u r e  of  .I nic-chirnic,il systenl o r  de\ticr. could s ignif icant  grounduatrr contamination 
occur. 
nient of potential zontminnnts.  control . m i  treatment o f  a l l  process waste streams, 
and careful  storage of u.iste solut ions  and mater ia ls .  minimize the potential for 
grounc1w;itt.r contitmindt ion. 'Fable 2.9.3-1 1 i s t s  the potentcal sources o f  groundwater 
contiiniinai ion i l t  Rocky F ! , t t s ,  and show t h a t ,  .in almost a l l  c p s e s .  some loss o f  
in tegr i ty  of .I systcm o r  tlcvicc i s  rt*quirc:tl t o  cause soil and the p o s s i b i l i t y  o f  
s u b s c q u c - n  t groundwa t car c o n t m i  n.i t ion. 

Riisic d e s i g n  c-ri t r r i a  .mtl oper-ating p r o c d u r z s .  which require m.tsimum cc.rtain- 

---- ~ --SOY rl" .-. . . . . .- . -_ - _  . 
Buildings 

Foundit t i on5 
Foot i ngs 
Pi 1 ings 
Ika i n s  
Stiacks and \x*nt s 

Tanks 
Procvss w r i s t  v 
Chtw i c'ii 1 
Fuc 1 

~ c i  I\Fcs , yunip s t a t ions 
Process w ; i s t c  p i p i n g  

Sol;it- c.\';ipornt ion ponds 
D r u n i s  

Proress uiist 
C hem i c a  1 s ( s o  I i tl , 

l iquid ,  semi- 
so1 i d .  scr<rp) 

Buried Nanr~~dioact i \ r t -  
So l id  L:aste 

Waste Transport at ion 

Natural Di sas t e r s  
Boscs 

Buried Contaainitt ed 
Wastes 

Cond i 1- i on- I - __ __ 
In ter ior  spi 1l.tgc and pipe 
lr*,ill.tjies through floors; 
f i r e .  esplosion,  o r  natural 
disdsters r e w l  t i n g  in loss  
o f  f ~ c  i 1 i t  y i nt rgri t y 

Lobs o f  in tegr i ty .  overflow, 
s p i  IIcigc during transfer  o f  
l iquid 
1.0s~ o f  in tegr i ty  

Loss ot intagri ty,  overflow 

1 . 0 ~ 5  o f  drum integri ty  v i a  
s t o r a g e ,  t rmspornt ion, and 
hand1 ing accidents ,  leaky 
drums 
Leaching of chemicals. a c c i -  
dental inclusion of radio- 
nuclides i n  solid wastes 
Loss of integri ty  during hand- 
l i n g ,  storage. transportation 
Can a f f e c t  in tegr i ty  of a11 
systems 1 i s ted above 
Leach i ng 
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Solubility of potential contaminants in water is also of importance in ground- 
water contamination. Table 2 . 9 . 3 - 2  I i s t s  the potential contaminants of  most interest, 
and the solubility of their various forms. The only detected incident of significant 
groundwater contamination occurred from cracks that developed in the asphalt lining 
of a solar evaporation pond. The result was a release of high-nitrate soiutions to 
tfie groundwater. These ponds vere resealed, and trenches k i t h  sump pumps vere con 
structed on the siopes to intercept the groundkater and return i t  to the pond (see 
Figure 2.9.3-1). 

Ma teri a1 

Aaeri c i uin 
Beryl 1 i urn 
Chromi um 
Lithium 
Oils 
Organics 

TABLE 2 . 9 . 3 - 2  

SOLUBILIlY~: IN WATER OF 
POTENTIAL GKOUNDWATEH COSTAM 1 NANTS 

I)si-!l$ ChlpKi& Nitratc Fluoride 

i i 5 S i 
i i \' S v s \'S 

i i i S 1 

d b S S si 
VAR :AB LE 

(solvents, l':IHIABI-E 
etc.) 

Plutonium i i S 

Tri t i urn LIQUID 

Uranium i i 5 

as T2G 

+So;jbiLity of s a l t s s  a function of pH 
i = insoluble 
sl = slightly soluble 
s = soluble I 

vs = very soluble 
d = decomposes 

Groundwater is periodically monitored by means of 35 hydrologic test wells on 
site and the information is reported annually in the en\-ironmental monitoring report 
(RI, 1977). Samples taken from the hydrologic test wells over the past several years 
do not indicate significant contamination of groundwater, even on the Rocky Flats 
site itself. 
the same as local background concentrations in nearby water bodies. Some minor 
exceptions have been found during the past four years, however. 

Host of these samples show concentrations of radionuclides are abour 

- 
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Figure 2.9.3-1 Trenches and Drain Tile Near S O h r  Evaporation Ponds 
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The plutonium concentrations in water from the test wells show a range from less 
than 0.01 to 2 . 7  pCi/l. Background levels are commonly between 0.02 and 0.1 pCi/l. 
The anomalous readings vere found in two separate wells. One sample out of seven 
from a deep wcll (146 feet) contained 1.04 pCi/l plutonium. Although this Wvll is 
loca ed east of the so lar  evaporation ponds, whicn are known to contain plutonium, 
the analyticat value reported is questionable. 
an abnbrmal level and eight other wells in the immediate vicinity did not contain 
anomalous plutonium concentrations. Three water samples over a four year period from 
a shaIlow well (30 feet) contained a maximum of 2 . 7  pCi/l plutonium. This well is 
located at the southeast edge of a known plutonium-contaminated soil area. It is 
possible that windblown dust from the contaminated area got into the well through an 
ic2roperly sealed uell-head. An improved well closure has been installed. 

Only one sample in four years contained 

hiericiuni concentrations in water from the test %ells have been in the range 
between (0.01 and 1.0 pCi/l over the past four years. Background concentrations in 
nearby Gidter are in the range from 0.05 to 0 . 5 0  pCi/l. The one anomaly (1.0 pCi/l) 
came from one smpir from a well east of the solar ponds. Subsequent samples, as 
recent A S  1978, have not indicated levels greater than 0 . 1  pCi/l americium. The onc 
anonia1ous value i s  there fore quest ionable. 

The amount of ur.miclm in water samp12s from these same wells falls in the range 
betxeen 0 . 0 5  and 156 yCi/l. The nornial concentration of uranium in water is found to 
be in the range from 5 to 15 pCi/l. ?'he anomalous uranium lzvels have been found, 
for the most p a r t ,  in water from t e s t  wells east o f  the solar ponds. The one exception 
is water from a well on the south border of the Plant. Analyses of this water have 
revealed sonic o f  the highest uranium concentrations of any well water on site. The 
source of uraniuni has not been located. 

Tritium concentrations in water samples from the test wells have, over the past 
four y e a r s .  been in t h e  range beLween 500 and 20,000 pCi/l. These values should be 
cornpiired to  normal background of 500 to 600 pCi/l. The ariomalous values are found in 
samples from wells east of the solar ponds, as was rhe case for uranium anomalies. 
I t  i s  known that there has been slow leakdge from the solar ponds in the past. Since 
the ponds are being eliminated, i t  is anticipated that the low-level contamination of 
groundcater by uranium and tritium will eventually disappear due to removal of the 
source and dilution of esisting Eaters by annual recharge from precipitation and snow 
Ute 1 t . 
2 . 9 . 4  Sanitary Landfili 

-- The sanitary landfill is located in a draw, 300 yards north o f  the Plant's north 
perimeter road. This site was chosen over other candidate sites for several reasons: 
( 1 )  natural drainage precludes direct input to any public water supplies, ( 2 )  it is 

\ 
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i n  proximity t o  the ent i re  P lant ,  pet is  i so la ted  from the Plant proper, ( 3 )  construc 
t ion o f  the l a n d f i l l  bank pro\*ides protection from prevailing north\;cst x:nds. 
( 4 )  projected Plant needc can be n e t ,  and (5)  the s i t e  permits dixversion o f  riatur.%l 
drainage away from the l a n d f i l l  ( s e e  Figure 2 . 3 . 9 - 2 ) .  

. -  

Sanitary l a n d f i l l  operations began in 1968. I n  197h a major tbspnnsion ~ a s  
undertaken. S o i l  investigations of  the e s i s t i n g  l a n d f i l l  north o f  t h v  P lmt  were 

f i r s t  conducted by Woodwnrd-Cle\*enger and Associates,  Inc.  (1101 l i&iy,  1974) io dctcr-  
mine more precisely the l a n d f i l l  content and the estent  of groundwater in f i l t ra t i c j i l ,  
i f  any. 
f e a s i b i l i t y  for  future l a n d f i l l  use. Subsequently, addi t ianal  soil esplorat ion x'its 

conducted by Zef f .  Cogorno. and S c a l y ,  Inc. Plans included ( I )  construc: i n r :  .in 
impervious ring around the e s i s t  ing sanitary la.ldfi 1 1 ,  and ( 2 )  b u i  I d i n g  h c ~ l d i n g  .ind 

sampling structures downstream o f  the l a n d f i l l .  The construction was complr~rrcl i n  
December. 1974. The ring intercepts and d i r e c t s  subsurface and surface xidtcr axay 

from the l a n d f i l l ;  the holding and sanipling structure inipou.:ds A I  1 drainage c-ff  l u t m t  

unt i l  i t  can be properly iiionitorcd (Zcf f ,  1974). The preliniinary 1antllilI t-splor.it ion 
study i s  summarized as follows ( Z e f f ,  1974). Nine holes wcre bored .it-ound the p r i -  
meter o f  the e s i s t i n g  l a n d f i l l .  and one through the l a n d f i l l  pt-o;wr. The b r i n g s  
revealed overburden s o i l s ,  Rocky F l a t s  AlIuviun~. t o  depths varying fronr 12 t o  25 fccc 

beneath the e s i s t i n g  g r o u n d  surface. The prrnirability o f  thc o\vrburdc*n soi ls  is 
estreniely v a r i a b l e  and d i f t  icul: t o  p r e d i c t .  An ; ~ \ ~ t ~ g : c  value o f  0.001 c r n t  i i i i t . t c r  

per second is reasonable to assunie for  subsurface pzrnieability r a t c s .  L'ndc.rlying the 
s u r f i c i a l  cover is claystonc bedrock. J pliist i c  niateriaI o f  varying h'iirdnc*ss. of t h t .  
Arapahoe formation. P e n c t  ration resistance \ ~ i i l u c s  \'dry froin 50 t o  o\'er 200 b l o w  p v r  

foot. I t  is known that r e l a t i v e l y  pcrnio ; ib l t~  layers of s n d s t o n c  and congloiiwratca 
e s i s t  at the base o f  the Arapahoe formation. None o f  these bctls Were found, howc-vcr. 
i n  any of the borings or t e s t  p i t s .  I n  thc \.iciniIy o f  t h r !  prcqwscd smpling structure. 
downstream o f  the l a n d f i l l .  four holes wrc tit-i l lcd and 1 7  t es t  p i t s  Kerc dug. 

S t  i P f ,  highly p l a s t i c ,  severely ueathrrcd claystone bedrock was found benc,ith .I 

veneer o f  topsoil  a t  the proposed sampling s t r u c t u r e  abutnicnt. This bedrock t~s tc i idwi  

to depths cf 4 to 50 f e e t ,  where wathcrc-d claystone bzcti-ock o f  variable h.irrlnt.ss u s  

encountered. 
and esh ib i t  low-to-moderate sKelling chiiracterist  i c s  upon wetting. Some 01 t h c  t e s t  

p i t s  were found to  contain lenses o f  aub- l igni te  materials  up t o  6 inches thick.  
Based on observations made in the f i e l d .  two typt -s  o f  groundx.iter flow arc' p m l ~ b l y  

present a t  the s i t e .  The f i r s t  and probably doiiiin.int flow i s  through the .iIluviuin 
above the bedrock surface. 'the sec0r.d flok- is within the lrncture zones of the 
claystone bedrock; i t  wil l  probabtp be o f  ininor concern escept during times of he.tr*y 

runoff. The t o t a l  amount o f  groundwater f lov  i s  mt ic ipdtvd to  l e  sniaIi. 

This investigation included esploGation o f  three othrii. a r e a s  to r s t i t b l i s l i  

Lea t hered- to-se\.erely wathered c 1 ayst ones possess 61 noi s t  u r t '  tic f i c i ency 

, 

\ 

Groundwater i s  routineip monitored by means o f  t e s t  & e l l s  3 1  the l a n d f i l l ,  see 

Table 2.9.4-2 and Figure 2.10.2-1.  This infornidt ion is rrported annually i n  the 

envirocnrntal monitoring report (RI, 1977). 
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Sanitary landfill operations were initiated in 1968. From August 1968 to 
February 1970, approsimately 1.000 kg of sanitary sewage sludge containing alpha 
activity was buried in the landfill. 
surveys disclosed that other isotopes (e.g., tritium), are present in small quantities 
(Tables 2.9.4-1 and 2.9.4-2). 

This practice is no longer employed. In 1973. 

An estimated 9 million pounds of waste are disposed of annually at the landfill. 
Materials with less than minimum detectable radioactivity levels, depending on the 
most practicable method of measurement for the material and operation, are acceptea 
for burial. 
landfill provide assurance that radioactive wastes are not deposited in the landfill. 

-. - lncreased efforts to control and monitor the refuse deposited in the 

.- - 

---. 
TABLE 2.9.4-1 

TRITIUM AND TOTAL LONG-LIVED ALPflA ACTIVITIES IN IaDFII-L SEEPAGE PONDS 1 AND 2 
Annual Average (pCi/l) 

1975 1376 1977 
- Pond 1 Pond 2 Vend * _-__ Pond 2 &!!EL ! Pond 2 

Tritium 910 2708 (a) 1311 2447 692 2252 1367 21301 841 2299 
Total 1.ong- (a) (a) 10.7 2 5 . 7  (a) 17.2 2 8 . 2  

./ (a) 
Lived A lpha  

,' '. 
NOTE: Pond 2 i s  downgradient (east) of Pond 1 

(a) Inforinat ion unavai Iable 

TABLE 2.9.4-2 
RADIONUCLIDE CONCEN'TRr\l'IONS IN CROUNDKATER ADJACENT TO 7HE W N D F I  LI. 

(1977) 

Uran i urn h e r  i c i ua Tri t iuiu PI u toni um 

-~ (X ) ( s  I O - ~ ~ C L ~ ~ Q  - jS  !K--~$C>L~~J ( s  10-~p~i/ml) 

7.1 7.1 0.1  0 . 2  

Test Hole 

-- Locat ion -- March Sg. & ~ < h  Lux. +-?re Aug, E33 !!!& 
638 (a) 

(a) 
(a 1 

ws- I (0.1 (0.1 3 . 0  3.1 . 0.1 (0.  I < 500 

0.2 co.1 2 . 9  6.1 0.1 (0.1 < 500 
.. us-2 0.2 (0.1 

L'S - 3 

f a )  Informat ion unavai lable 

\ 

A comprehensilte. environmental inoni toring yrogrdm is being rondurttad t o  determine 
if the operation of the Plant is causing any adverse effects on its surroundings. 
The program is designed l o  provide assurance that the many sdfeguards are working 
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properly and that concentrations of materials released to the environs are within 
limits set by appropriate regulatory agencies. 
activity and for chcmical and biological pollutants. Air, water, and soil are sampled 
on the Plant site and in the surrounding region. This section reflects current 
monitoring and measuring conditions. Tables on stack, ambient air, and water sample 
detection limits have been updated since issuance of the DEIS. 

The environs are monitored for radio- 

Ambient air samples taken weekly are analyzed for plutonium. Soil samples are 
collected annually and analyzed for plutonium. 

Water from daily samples and from weekly, monthly, and quarterly composite sam- 
ples i s  analyzed for varims quality factors in t-hree general categories, ( 1 )  radio- 
activity, ( 2 )  chemical elements and compounds. and ( 3 )  physical and biological 
parameters. The specific items for which the samples are analyzed are tabulated 
later in the section. 

The Plant's prime contractor prepares an Annual Env-ironmental Moaitoring Report 
(RI, 1977) that details survey findings i n  accordance with requirements of ERDA 
Manual Chapter 0513.  The contractor reports the results of the monitoring program at 
least monthly to the Colorado Department of Health, Colorado Water Conservaticn 
Board, Environmental Trotection Agency, City of Broomfield officials, Boulder City 
and County Health Department, Jefferson County Health Department, various DOE offices, 
and the public. 
mental data at this public meeting 

The Colorado Department of Health presents its Rocky Flats environ- 

Outside agencies conduct independent environmental surveys, both on and of- :he 
Plant site. The Colorado Department o f  Health conducts air, water, and soil sampling 
programs around the Rocky Flats site (CDH, 1972, 1973, 1974). The DOE Environmental 
Measurements Laboratory of New York (formerly HASL) maintains particulate air sampling 
stations in the vicinity of the Rocky Flats Plant, and periodically perfoms soil 
sahpling and analysis (Krey, et al., 1976). The JeLferson County Health Department 
has a continuous particulate-air sampler on the site. Samples from this sampler are 
analyzed by the Colorado Department of Health. The County also samples and analyzes 
sewage plant effluent monthly. The U.S. Environmental Protection Agency provides 
additional routine liquid effluent monitoring to determine compliance with NPDES 
permit . 

Radioactivity Concentration Guides (RCGs! have been published (USERDA, 1977) by 
DOE for the control of radionuclides within and in the vicinity of its facilities. 
These guides were initially established by the National Council on Radiation Protectim 
and the International Committee on Radiological Protection. The RCGs govern the 
concentrations of radionuclides in air (RCG,) and water (RCG,) accessible for intake 
by occupationally exposed individuals, and individuals sad population groups in 
uncontrolled areas. The numerical values of the guides dre cited later. 

. 

--- 
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The concentration o f  long-lived alpha-emitting radionuclides in exhaust air 
typic,? ly averages less than 4 x pCi/ml. The concentration of uranium, pluto- 
n<.i and americium in the exhaust air from the processing, fabrication, and rcsearch 
facilities is about 3 x 1 x and 0 .04  x 1O-l’ pCi/ml, respectively. For 
comparison, the RCG for soluble uranium, plutonium, and americium in ambient air 
accessible to ‘the population at large is 1000 x 20 x and 67 x’ lo’’’ 
yci/ml, respectively ( I  pci/ml x = 1 pCi/m 3 , i.e., to convert pCi,/ml to pCi/m 3 , 
multiply by 10 12 ). 

The beryllium concentrations i n  exhaust air from the Rocky Flats facility typi- 
cally is about 3 x pg/m 3 . Berylliuni concentrations in ambient, urban air in the 
United States has been reported to range bet\ietn 1 s lo-‘‘ and 3 s 10- 4 pg/m3 (Ross 

and Sievers, 1 3 7 2 ;  Cholak, 1959). The tot<tl amount of beryllium released front the 
Rocky Flats facility during 1977 was about 5 grams. Thr Environntental Protection 
Agency has established a daily beryllium dischdrge limit of‘ 10 grams per day for each 
stationary source (USEPA. April 1973). 

Stack samples provide the primary record of all atmospheric emissions froin the 
facility. 
Environmental Monitoring Report showing the Lotal airborne eniisriions from the Rocky 
Flats facility. 

These emission data are analyzed and reported in the Monthly and Annual 

The sample volumes and detection limits for the stack samples are 
shown in Table 2.10.1-1. 
limits are weli below the applicable guide values. 

As can b e  seen from the table, 

TABLE 2.10.1-1 

STACK SAMPLE DElECTIOX L I M I  ‘ 

Approximate 
Sample Volume 

-- Parameter ---.- ---___ (m3) 
Radioactive: 
Total Long-Lived Alpha 160.0 

Tritium 3 
(Radiochemical Analysis) 
Plutonium* 3670 
Uranium* 1220 
Americ i urn* 3670 

Bery 1 1 i um* 1220 
Nonradioactive: 

bHonthly Composite samples 

Approximate 
Detect ion Limit 
- _(v_c_i_im!2-_- 

0.002 x 10-12 
80 s 10-l’ 

0.00003 s lo-*’ 
0.0002 s 10-12 

0.00003 s 10-l’ 

O.OOOO~ pg/m3 
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the analytical deletion 

Guide Values 
-_cucim I.-- 

0 .02  s 10-12 
2 

3 x 10’12 
0.06 x 10-l’ 

12 0 . 2  s 10- 

- (10 grams per day 



2.10.1.2 Ambient Air Monitoring 

Ambient air is monitored for airborne particulate matter by a network of 49 air 
sampling stations located both on and off the Rocky Flats Plnnt site. 
air sampling stations contains a vacuum pump that draws a known volume of air through 
a standard filter. 

Each of the 

Wind tunnel studies (Meroney and Chaudhry, 1972; Heroney and others, 1973) of 
the Plant site and the new plutonium recoveryaand waste treatment facility were 
conducted by the Engineering College of Colorado State University. These scale-model 
tests were used to determine the disper: .i1 routes and trajectories of airborne efflu- 
ents originating at the Plant, for the most effective placement of air samplers. 

There are 23 continuously running high-volume air samplers located on the Plant 
site inside (or just outside) the security-fenced area (see Figure 2.10.1-1). Most 
of these samplers. which operate at an average sampling rate of 40 cubic feet per 
minute (cfm), arc positioned rather closely around and downwind of the plutonium 
processing facilities. Samples are collected weekly, analyzed for total long-lived 
alphd ( T L L a )  activity, composited biweekly, and analyzed for plutonium. Atmospheric 
wdter ‘vapor is collected weekly from four samplers located in the vicinity of the 
plutonium processing buildings, and the water is analyzed for tritium. 

The concentration of plutonium in ambient air samples collected on the Rocky 
Flats Plant site typically is 0.0002 x pCi/ml. The RCG for ambient air in a 
controlled area is 0 . 0 6  x pCi/ml, but Rocky Flats operates within the more 
restrictive RCC app icable to plutonium in uncontrolled areas (0.02 x pCi/ml). 

Airborne particulate samples are collected from 14 continuously running, high- 
volume (drdwing approsimately 40 cfm) air samplers at the Plant perimeter at dis- 
tances ranging from two to four miles, as shown on Figsre 2.10.1-2. These samples 
are collected weekly, analyzed for total long-lived alpha activity, composited 
monthly and, following chemical separation by ion exchange, analyzed radiochemically 
for plutonium. The plutonium concentration in ambient air 2 miles from the center of 
the Plant typically is about 0.00032 to 0.00005 x pCi/ml. which is statistically 
indistinguishaole from worldwide fallout and which may be compared with Radiation 
Alert Network data published by the EPA in Radiation Data and Reports (1972-1974), 
and Environnicntal Radiation Data (1975-date). 

- 

Airborne particulate samples also are collected from 12 continuously running, 
40-rfm air samplers located in or near population centers in the general vicinity of 
Rocky Flats (Figure 2.10.1-2). The samples are collected weekly, analyzed for total 
long-lived alpha activity, composited monthly. and analyzed specifically for plutonium. 
The concentration of plutonium in ambient air in local population centers typically 
is 0.00002 s to 0.00005 x pCi/ml. 
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Figure 2.10.1-1 Locations of Onsite 
Ambient A i r  Samplers 

c-- 

2-206 



The 40-cfm air samplers are larger than previously used samplers and sample a 
greater volume o f  air to further improve the reliability of the data. The samplers 
are well suited for use in residential areas, as they are quieter (50 decibels compared 
with 80) than those used before 1974. Table 2.10.1-2 shows the detection limits of 
the ambient air samplers. 

TABLE 2.10.1-2 
AMBIENT AI9 SAMPLE DETECTION LIMITS 

Approximate Approximate 
Sample Volume Detection Limit 

Parameter (m3) - (pci/m3) 
Total Long-Lived 
Alpha 10,000 0.001 

Plutonium-239/240 20,000 0.00002 

Beta 20,000 0.015 
Total Long-Lived 

In 1978, an extensive study (Vedding, 1978) was conducted to evaluate the inlet 
efficiency and filter-media efficiency of the Rocky Flats ambient air samplers. The 
study concluded that the Rocky Flats-designed sampler is as efficient as the EPA- 
approved sampler and that the filter media efficiency was 99.8% or greater for trapping 
particulates of 0.01 to 1.00 pm in size. (See Appendix I). 

Plant emergency procedures require the collection of on-site and off-site air 
samples whenever an airborne radioactivity release is known or suspected. The emer- 
gency procedures include taking additional samples downwind of the suspected release. 
Two site survey v-hicles equipped with air-sampling equipment and 110-volt generators 
are available for air-sampling duty around the clock. 

2.10.1.3 Ambient Air Monitoring by Others 

The Colorado Department of Health operates five, on-site, continuous air sam- 
pling stations (see Figure 2.10.1-3), one of which is operated jointly with the Jef- 
ferson County Health Department. The samples are collected on alternate days and 
analyzed for long-lived alpha and beta radionuclides. Samples in which the total 
alpha activity exceeds 0.04 x 10-l’ pCi/ml are analyzed specifically for plutonium. 
A regional air-sampling system of 16 stations provides additional surveillance in the 
vicinity of Rocky Flats and in the metropolitan Denver area. Four other stations are 
located at sites within the State but remote to the Rocky Flats Plant. 

The DOE Environmental Measurements Laboratory (EML) of New York City operates 
three air sampling stations - one at the east security fence, one at the original 
east perimeter (cattle) fence, and one at the intersection of the east access road 
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Figure 2.10.1-2 Locations of Offsite 
Ambient A i r  Samplers 
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and Indiana Street. 
radiochemically by EML for plutonium. 
quarterly reports. 

Samples from these stations are collected every week and analyzed 
The results are published in their environmental 

2.10.1.4 Meteorological Monitoring 

Heteorological data have been collected at Rocky Flats since the Plant became 
operational in 1952. The instruments used prior to 1975 (all of which were located 
in or near the 100 comples) included the following: 

Wind direction and speed recorder - -  Bendix Friez Model 141-5 Microbarograph - -  
Bendix Friez Model 500029-1 
Hygrothermograph -- Bendix Friez Model 594 
Recording rain gauge - -  Bendix Friez Model 775 
Data from these instruments, combined with various meteorological observations 

from other stations, were used to develop local climatological information and des- 
criptions of site dispersion characteristics. Comprehensive measurements of meteoro- 
logical characteristics are made routinely by National Weather Service personnel at 
Stapleton International Airport, which is located on Denver's east side. These data, 
including atmospheric stability measurement, are available for use if needed. 
Extensive weather data are also wailable from the National Center for Atmospheric 
Research (NCAR) at Boulder, Colorado. 

In the first quarter of 1975. a 200-foot meteorological monitoring tower was in- 
stalled in the southwest quadrant of the Rocky Flats Plant site. The system became 
operational in May of 1975. This is a fully instrumented tower that records digital 
data at 10-minute intervals onto a nine-track magnetic tape. The following data are 
collected and recorded by the system: 

1 .  
2. 
3.  
4 .  

5. 
6. 
7. 
8. 
9. 

10. 

Julian days 
Hours and minutes 
Tenperature at 200 feet, 100 feet, and 20 feet 
Temperature difference (temperature at 200 feet minus temperature at 20 
feet) 
Dew point temperature 
Solar radiation 
Yind direction at 200 feet and 20 feet 
Barometric pressure 
Average and peak wind speed at 200 feet and 20 feet 
Precipitation 
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NEW ROCKY FLATS PLANT BOUNDAR 

GREAT WESTERN 
RESERVOIR OLD ROCKY FLATS ?: ANT BOUNDARY 

EML - ENVIRONMENTAL MEASUREMENTS LAB 

J - SFFLRSON COUNTY DEPARTMENT 

Figure 2 . 1 0 . 1 - 3  Air Samplers Operated by Others 
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On-site data obtained from this system provide thc. detailed, coctinuous infor- 
mation needed to verify joint frequency distributions oi Pasquill diffusion cat- 
egories by wind speed aqd direction, thus allowing additional e\?aluation of actual 
short-term and long-term site meteorological dispersion characteristics. This infor- 
mation permits a more accurate determination of the dispersal of Plant gaseous and 
airborne particulate effluents. 

In addition to the three meteorological towers at the wind euergy project men- 
tioned in Section 2.4, there is a 120-ft. portable metzorological tower presently 
located on Woman Creek, one mile west of Indiana Street. 

2.10.2 Water Monitoring 

Two basic water-monitoring programs are conducted - -  one irvolves effluents 
leaving the Rocky Flats Plant; the other involves regional water systems off the 
Plant site. The Colorado Department of Health also monitors the Plant effluents. 

2.10.2.1 Plant Water Flow and Control 

The flow of water from Rocky Flats is generally from west to cast. Surfixe 
runoff water, including any waterborne effluents, I:. carried from ooeiationdl areas 
of the site by North and South Walnut Creeks on the north, and by Womars Creek on the 
south (see Figure 2.3.9-2). These are designdted a s  drainage basins 3.. B. and C, 
respectively. South Walnut Creek is considered the main, waterborne-effluent release 
route and flows into Great Western Reservoir. which is part of the w t P r  supply for 
the city of Broomfield. Woman Creek flows east through Governmcnc property inLo 
Standley i.a!:e, which is part of the water supply for the city of Westminster and 
portions of the Thornton-Northglenn area. Upper Church Ditch, M c K q  Ditch, Smart 
Ditch, and several minor branches of Walnut. Woman, and Rock Creeks also trdverse or 

rise on the Government property. 

As  shown in Figure 2.3.9-3, there are several holding ponds cn Go\-ernment propcrty 
'in the three major watercourses. On North Walnut Creek are three ponds (identified 
as Ponds A-1, A-2, and A-3), having a total capacity of 2L.420,OOO gallons. Fqur 
ponds (B-1, B-2, B-3, and B-4) are located on South Walnut Creek; they have 3 total 
capacity of 4,258,000 gallons. 
is located on Woman Creek. These holding ponds are the monitoring points for all 
drainage that traverses or rises on operational areas of the Plant site, and for all 
liquid effluents that are discharged from the Plant. 

One pond (C-1). with a capa-ity of 2,G00.000 gallons, 

A project was recently initiated for surface water control at the Rocky Flats 
Plant. The purpose of this project is to provide facilities to divert, collect, and 
store all surface runoff water originating within or flowing thrc;!g\ the security 
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fenced area of the Rock) Flats Plant site. 
retention dams. t w  b y p i < <  cnnalrs that route non-Plant flooc‘ flows around two of the 
dams, and interceptor c..inals to catch runoff from the Plant site and convey it to 
retention facilities. Additional information on this system is also given in Section 
5.5.4. 
dry most of the time. In the event that impounded flood water is found to be contami- 
nated, the flood pool w i l l  be contained for water analysis, and a decision made as to 
whether water recycling i s  required. It is not anticipated that retention time would 
be sufficient to cstablish a saturated zone in the embankments. 
tions include the prepirdtion of flood hydrographs for 100-year three-day return 
precipitation flood events. Bureau of Reclamation thunderstorm events, and prcbable 
maximum precipitation ( I ’ 3 P )  storms. The dams will be designed to safely pass the PKP 
flood via spillways m d  to retain the amount of water projected for the 100-year 
storm. The dam d c s i g n t d  far North Walnut Creek (A-4) will retain a maximum o f  82 
acre-feet. South k‘.ilnut Creek dam retention ( R - 5 )  will be 72 acre-feet, and Voman 
Creek dam retention ( C - 2 )  kill be 50 acre-feet. 

The project consists of three flood 

The dams are for surface-water runoff retention only and are expected to be 

Hydrologic investiga- 

Sanitary wastes are routed through the sewage treatment plant where they are 
subjected to primdry t re,ttment, an activated-sludge secondary treatment, a tertiary 
treatment, nnd mixed mtdia f i l t r a t i on .  Cooling-tower blowdown water and stean conden- 
sate from process and laboratory facilities also are routed through the sewage trear- 
ment p l a n t .  The effiut .nt  from the sewage treatment plant is held in Ponds B-1 and 
8-3 where i t  is s m ~ p l c t t  and analyzed prior to discharge. Discharged zjater passes 
through Pond B - 4  and into Sourh Valnut Creek. 
time to promotc. the s c * t t l i n g  o f  solids. 

Tire ponds provide effluent residence 

Laundry water vhich has less than 1,667 pCi/l total long-lived alpha activity 
(the ERLM Hanun1 C h a p i r r  0 5 7 4  Annex A RCG €or plutonium-239 in water) is transferred 
to Pond 8-2 and srrbscqucntly to the larger Ponds A-2 and A-1. Ponds A-I. A-2 and E - 2  
are isolated from t h c .  natural drainage water courses and are used exclusively to 

impound Plant wastwatc-rs for cvnporation. 

Water flow in thc l*icinity o f  the landfill i s  described in Section 2.9.’4. Tgo 
earthfill dams are Ior.btc.d in the draw below the working face of the landfill. The 
upper impoundmr.nt (the smaller of the two) collects seepage from the landfill. The 
seepage, aftci analysis, is distributed on the ground north of the landfill or im- 
pounded with t h e  treated process-waste effluent. The second impoundment is heid in 
reserve for collecting water during periods of abnonrally high precipitation or other 
unusual conditions. Water ciownstrearii from the second impoundment flows into North 
Walnut Creek. 

2.10.2.2 Plant Water Monitoring 

Incoming raw and treated water, water at several locations on the Plant s i t e ,  
and all effluent streams leaving the Plant site are sampled and analyzed. Water is 
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monitored continuously arrd samples are collected from crucial locatiuns. Grab 
samples are taken where it  is necessary to test for certain chemical and biological 
conditions that might deteriorate rapidly if the effluent sample material were stored 
in a continuous-sample collection reservoir. 
conditions tested for, and the frequency of sampling by sample location in the 

Table 2.10.2-1 gives the elements or 

waterborne effluent monitoring program. Table 2 
listed by the elements or conditions tested for, 
2.10.2-3 shows the detection limits for analysis 
The detection limits are much less than the ap'pl 

In the tables. the "11 e1ement.s" parameter 

10.2-2 presents the same information 
and the sampling locations. Table 
of samples from the on-site ponds. 
cable ERDA or NPDES permit standards 

n the column cntitlrtl Elements or 
Condition. represents an atomic absorption analysis for Ea. Pe. Ca. Cd. Cr, Hg, K ,  

Hg, Na, Se. and Si. 
analysis for Ag,  Al, B ,  Ce. Co, Cr, Cs. Cu, Fe, Ge, Li, Mn. !lo. Ni, Nb, P, Pb, Rb. 
Sb. Sn, S r ,  Ta, Te. Th, Ti, Ti, U. V, W. Zn. and Zr. 

The "31 elements" parameter indicates an emission spectroscopy 

The concentrations of plutonium and tritium in the effluent water of ?ond B - 4  
typically are 1 pCi/l and 850 pCi/l, respectively. Concentrations of other rddionu- 
clides are comparably low, typically less than one percent of the ERDA Radioactivity 
Concentration Guides. The appropriate RCG for soluhle plutonlm-239 in water is 
1,667 pCi/l and for tririum i t  is 1,000.000 pCi/l. 'The EP.4 Drinking W,lter standdrd 
sets a limit of 20,000 pCi/l for tritium and 15 pCi/l for total long-lived alpha 
activity. 
the total long-lived alpha activity is less than '40 pCi/l. 
B - 4  water define the total radioactivity in water released from Rocky Flats. 

Discharges from Pond 5-3 dre controlled by withholding discharges until 
The analyses of the Pond 

Water from the 35 hydro1og.c test holes on the Plant site is sampled to doter- 
mine if there is any detectable novement of chemicals or radioactive materials of 
Plant origin into the water-bearing strata underlying the site. Three of the holes 
are approximately 150 feet deep, and two others are  about 260 and 300 feet deep. 
respectively. They provide information on water aovement in bedrock formations. The 
remainfier range from less than 10 to 50 feet deep, and are located generally near the 
solar evaporation ponds, downstream from the holding ponds, and east of the Plant 
(see Figure 2.10.2-1 and Section 2.9.3). 

Samples are taken at 5-month intervals from all test holes in which there is 
water; the samples are analyzed for the elements and conditions listed rn Tables 
2.10.2-1 and 2.10.2-2. 
constituents such as, nitrate, total solids, fluoride, and pH. Historically, the 
samples have indicated that there is no apparent movement of plutonium into the 
Plant's groundwater; however, some nitrate has appeared in the holes surrounding the 
solar evaporation ponds. 

Samples analyzed for plutcnium may also be analyzed for  other 
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Location 

Water Treatment 
Plant Raw Water 

Water Treatment 
Plant Treated 
Water 

Sewage Treatment 
Plant Influent 

Sewage Treatment 
Plant Effluent 

Sewage Treatment 
Plant Effluent 
Upon Entering 
South Walnut Creek 

Pond A-1 Bypass 

Pond A-3 

TABLE 2.10.2-1 

WATER HONITORING P R O G W  

Element or Condition 

Am, Be, Cd, Cr, F-, 3H (Tritium). lig, 
Polychlorinated Biphenyls (PCBs), Pu 
Suspended Solids, Total Dissolved Solids 

Uranium 

Free Available Chlorine 

Total Bacteria, Fecal, Total Coliform 

Ag, Aikalinity, Gross Alpha, As, B, Ba, 
Be, Gross Beta, Ca, CC, C1 , Color, Cr, 
Cu, Cyanide, F , Fe, Hardness, Hg, 
Linear Alkyl Sulfonates, Hg, Hn. Na, - 
"3, NO3 (as N), P, Pb, 22 Ra, Se. SO; 
90Sr, Total Dissolved Solids, Turbidity. 
Zn 

Uranium 

Tritium 

Endrin, Lindane, tlethoxychlor. Toxaphene 
2,4-0, 2,4,5-1'P Silvex 

Gross Alpha 

Gama, 3H 

Pu 

F - ,  3H, Gama, NO; (as N), P. pH. Pu 
Total Nesidildl Chlorine, Total Suspended 
Solids 

Tozal Chromium, Color, Oil and Crease, 
Turbidity 

Biochemical Oxygen Demdnd (BOD), Fecal 
and Total Coliform 

Kjeldahl N, NO2 

Dissolved Oxygen 

Gross Alpha Gross Beta, 3H, NO, (as N) 

Gross Alpha, Grass Beta, Gama, 3H, NO; 
(as N), PH 

Pu, u. Am 

1 
I 

Frequency 

Quarterly Grab 

Ueekly 

Daily 

Four Days per Week -- 
Rotate Buildings 

Five flonths 

Weekly 

Pearly 

Every 3 years 

Daily 

Weekly Crab 

Only if Cross Alpha 
(CA) > 40 pCi/l 

Daily 

Daily 

Wednesday Crab 

Three Days per Week 

Daily 

three Days per Week 

Daily 

Before and During 
Dumping 

During Dumping 

, 
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Waste Treatment 
Facility Pond 

Location --- 

Pond 8-3 

Pond 8-4 

Pond C-1 

Landfill Pond 1 

TABLE 2.10.2-1 (Continued) 

Element or Condition 

Gross Alpha, Gross Beta, pH, Tritiua, 
Gama 

Gross Alpha, Total Residual Chlorine 

Gama, 3H 

Am, Gross Beta, Pu, U 

Chemical Oxygen Demand, MI3, NO; (as N), 
Suspended Solids 

11 elements, 31 elements, F-, P, Total 
Solids, 90Sr, 

1311, 8 9 ~ r ,  '34~s 

Gross Alpha 

Gama, 3H 

Am, Gross Beta, Pu, U 

pH, Total Dissolved Solids 

Chemical Oxygen Demand, PO; (as N) 

Cr, Cyanide, Oil and Grease, PCBs, 
Phenol, Linear Alkyl Sulfonates 

As, Cl-, 11 elements, 31 elements, F-, 
P, SO;, Total Solids, 90Sr 

Gross Alpha, 3H, NO; (as N) 

Pu 

Gross Alpha 

Gama. 3H 

*OSr 

Be, Cd, Chemical Oxygen Demand, Cr,  
31 elements, HE, PCBs, Phenol, Total 
Solids 

Pu 

landfill Pond 2 

Landfill Bypass 

Lined Solar Eva- 
poration Pond 

Gross Alpha, 3H, NO; (as N), Gama 

Gross Alpha, 3H, NO; (as N), Garma 

Gross Alpha, Am, Be, Gross Beta, Curium, 
Cyanide. 3H, NOg (as N ) ,  IH, P;la:l)S;44v Total Dissolved Solids, 'U, 

Gross Alpha, Gross Beta, 3H, NO; (as N) Sumps 1, 2 ,  and 3 
(below Solar Ponds) 
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Frequency 

Three Days Per Week 

Daily 

Weekly Crab 

Weekly Composite 

Quarterly Grab 

Quarterly Composite 

Quarterly 

Daily 

Weekly Crab 

Weekly Composite 

Two Days Per nonth 

nonthly Grab 

Quarterly Crab 

Quarterly Composite 

Weekly Grab 

Only if GA > 10 pCi/l 

Daily 

Weekly Grab 

Weekly Composite 

Monthly Grab 

Only if GA > 60 pCi/l 

Weekly Grab 

Ueehly Grab 

Honthly 

Weekly 



Location 

Hydrology Test 
Holes 

Test Hole 2 
(Landfill) 

Test Hole 46 
(Landfill) 

Holding Tank 
Test Holes (31) 

Building Footing 
Drains (IO) 

Walnut Creek at 
Indiana 

TABLE 2.10.2-1 (Continued) 

Element o r  Condition 

Gross Alpha, Am, As, B, Be, Gross Beta 
Ca, Cd, C1, Cr, Conductivity, Cu, F , 
Fe, 3H,-Hardpess, K, Li, Hg, Hn, tlo, Na, 
NH3, NO2, NO3 (as N), P, Pb, Pu, SO,, 
9*Sr, Total C'ssolved Solids, U, Zn 
Gama 

" ~ r  

Conductivity, pH, NO; (as N), Total 
Dissolved Solids 

Grass Alpha, Conductivity, NO; (as N), 
pH, Total Dissolved Solids 

Pu 

Gross Alpha. Gamma. 3H, NO; (as N). Ph 

Gross Beta 

h, PU, 9 0 ~ r ,  u 

Cyanide, Cr, Oil and Grease, PCBs, Phenol 
Linear A l k y l  Sulfonates 

As. C1-, 11 elements, 31 elements, F-, P, 
SO,, Total Solids 

Broomfield, Boulder, 
& Westminster Water 
Taps 

S i x  Other Comuni- 
ties Water Taps 

35 Off-site Waters 

Am, Pu, U, Tritium 

h, Pu, U, Trit ium 

Am, Pu, U, Tritium 
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Frequency 

Five Months 

Quarterly 

Quarterly 

Five Honths 

Five Honths 

Only if GA > 40 pCi/l 

Daily 

Weekly Grab 

Weekly Camposite 

Quarterly Crab 

Quarterly Composite 

Honthly Composite 

Quarterly Crab ' 

Annual Grab 



TABLE 2.10.2-2 

ELEMENTS OR CONDITIONS MONITORED BY LOCATIONS 

Element or 
Condition - 

Alpha, total long-lived 

Alkalinity 

Americium 

Ammonia (NK3) 

Arsenic ( A S )  

Bacteria 

Barium (Ba) 

Beryllium (Be) 

Beta, gross 

Biochemical Oxygen 
Demand (BOD) 

Baron (B) 

Cadmium (Cd) 

Calcium (Ca) 

Chemical Oxygen 
Demand (COD) 

Locat ion 

A-3; Walnut Creek; Sehdge Plant 
Influent; 8-7. 8-4; i-I; WJtcr 
Plant Treated hater ;  S o l a r  Ponds; 
Sumps; Ciaste Treatrnt~~t  Pidnt Pond; 
A-1 Bypass; Hydro l rgy  Test Holes; 
Footing Drains.; I.and1111 Pond 1; 
Landfi 11 Pond L ;  I.aiitii I I 1  Bypass 

Water Plant TrratrJ h'ater 

Walnut Creek; .\-3; R-&: C-1; 
Reservoirs; h a t r r  I'aps; O f f - S i t e  
Waters; h'atrr Plant R ~ L  hdtrr; 
Solar I'Ond5; Hydrology lest Holes 

B-4; Water Plant I ' r r a t d  ha ter ;  
Hydrology Test Holes 

Walnut Creek; C-1;  Hrsrrvoirs; 
Water Plant Trrdted hater; Hydrology 
Test Holes 

- ._ - - - 

Watcr Plant Trestetl Water, Sewage 
Plant Effluent 

Water Pldet Treated kater 

Water Plant Raw Wdter; h'atcr Plant 
Treated h'ater; S o l a r  Ponds; 
Hydrology Test Holes; L a n d f i l l  Pond 1 

A-3; Walnut Creek; B-4; C-!; Water 
Plant Treated Water; Solar Ponds; 
Sumps; A-1 Bypass; Hydrology Test 
Holes 

Sewage Plant Ef f luent 

Water Plant Treated h t e r ;  Hydrology 
Test Holes 

Water Plant RdV Water; hter Plant 
Treated rater; Hydroloky Test Holes; 
Landfill Pond 1 

Water Plant Tredted Water; Hydrology 
Test Holes 

B-4; C-1; Landfill Pond 1 
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Element or 
Condition 

Chloride (C1-) 

Chlorine (HOC1, hY2C1) 

Chromiuw (Cr) 

Color 

Conductivity 

Copper (Cu) 

Dissolvcvl Oxygen (DO) 

G a m a  

Hardness 

lron (Fe) 

Kjeldahl Nitrogen 

Lead (Pb) 

TABLE 2.10.2-2 (continued) 

Location 

Kalnut Crrrk; C-1; Reservoirs; Water 
Plant Treated \rater; Hydrology Test 
Holes 

Sewage Plant Effluent; 8-4; Water 
Plant Treated Water 

Sewage Plant Effluent; Water Plant 
Rav Watrr; Later Plant TrraLed katrr;  
Landfill Pond 1 

Sewage Plant Effluent; Water Plant 
Treated Katrr 

Hydrology Trst Holes; Holding Tank 
Test Holes; footing Drains 

Water Plant Treated kat r r ;  Hydrology 
Test Holrs 

Walnut Creek; C-1; Reservoirs; KJter 
Plant Ireated Water; Solar Ponds 

Sewage Plant Effluent Upon EnterIng 
South Walnut Creek 

iialnut Crrrk; C-1; Ressrwirs ;  5-4; 
Landtill Pond 1 

Sewage P1.mt Elf  luciit; L a t r r  Pl.int 
Trwled h t r r  

S e ~ g t *  Plant E!flutwt; h l n u t  Crrrk; 
R-4;  C-I; Hesrrvoirs; Water P l . m t  
Raw Uater;  Uatc-r Y la i i t  Trrdted  k.*tt-r; 
Hydrology T c s t  Holes 

S P W J ~ ~  Plant Effluent; A-3; Walnut 
Creek; Sewage Plant Influent; 8 - 4 ;  
C-I; Landfill Pond 1. HydrOlOgiC 
Test Holes 

Water Plant Treated Water; Hydrology 
Test Holes 

Water Plant Treated Water; Hydrology 
Test Holes 

Sewage Plant Effluent 

Water Plant Treated Water; Hydrology 
Test Holes 
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Element or 
Condition 

Linear Alkyl 
Sulfonat-s 
(US) (Detergects) 

Lithium (Li) 

Hagnesium (Hg) 

flercury (Hg) 

flolybdenum (no) 

Nitrate (NO;) as N 

Nit ri tr (NO;) 

Oil and Grease 

PCBs (Polychlorinated 
Biphenyls) 

PH 

Phenol 

Phosphorous (P) 

Plptonium (Pu) 

Potassium (K) 

Radium (226Ra) 

Selenium (se) 

TABLE 2.10.2-2 (continued) 

Locat ion 
__I_-____ 

Uater Plant Treated Water 

Hydro logy Test !:ol es 

Water Piant Treated Water; Hydrology 
Tcs t *Holes 

Water Plant Rau Water; Water Plant 
Treated h'ater; Landfill Pond 1 

Hydrology Test Holes 

!%?Wage Plant Effluent; A-3; Walnut 
Creek; B-4; C-I; Reservoirs; Water 
Plant Treated Watrr; Landfill Pond 
2 ;  Landfill Bypass; soi3r Ponds; 
Sumps; Waste Treatment Pond; A-1 
8)'pdSS; Hydrology Test Ho les ,  Hold- 
ing Tank Test Holes; Footing Drains 

Sevagr Plant Eff 
Holrs 

Sewage Plant Eff 
C-1; Reservoirs 

U'alnut Crrrk: C- 

(tent; Hydrology Test 

uent; Walnut Creek; 

; Reservoirs: Water 
Plant RJK Watrr; Landfill Pocd I 

Sewage Plant Effluent; A-3; Walnut 
Creek; C-I; Solar Ponds; Holding 
Tank Test Holes; Footing Drains 

Walnut Creek; C-I; Reservoirs; 
Landfill Pond 1 

Sewage Plant Effluent; Walnut Creek; 
R-4; C-I; Reservoirs; Water Plant 
Treated b'att-r; Hydrology Test Holes 

Seuage Plant Effluent: A-3; Walnut 
Creek; B-4; C-1; Reservoirs; Water 
Taps; Off-site Waters; Eater Plant 
Raw Water; Landfill Pond 1; Solar 
Ponds; Hydrology Test Holes; 
Footing Drains 

Hydrology Test Holes 

Water Plant Treated Water 

Water Plant Treated Water 
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TABLE 2.10.2-2 (continued) 

/' 
/ 

/ 

Element or 
__.-_I_ Condition 

Silver (Ag) 

Sodium (Na) 

90 Strontium ( S r )  

Surfartants 

Suspended So l ids  ( S S )  

Th i r t y- one Elements 
(Ag ,  AI, B, Ce, Co, 
Cr, Cs ,  Cu, Fe. Ce, 
Li, Nn, no, h'b. Ni. 
P, Pb, Rb, Sb, SII,  
S r ,  Ta, Te, Th, Ti, 
TI, U, V, W, 211, Zr) 

Total Disso lved  
Solids (TDS) 

Total Solids 

3 Tritium ( H) 

Locat ion- 

Water Plant Treated Water 

kater Plant Treated Water; Hydrology 
Test Holes 

Walnut Creek; 8-4; C-I; Water Plant 
Treated Water; Test Hole 2; Landfill 
Pond 1; Solar Ponds; Hydrology Test 
Holes 

Walnut Creek; C-I; Rese-voirs; Water 
Pl~nt Treated Water; Hydrology Test 
Holes 

Walnut Creek; C-1; Reservoirs 

Sewage Plant Effluent; B-6; Water 
Plant Raw Water 

Walnut Creek; 8-4; C-1; Reservoirs; 
Landfill Pond 1 

Turbidity 

Uranium (U) 

Zinc (Zn) 
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C-1; Vater Plant Raw Vater; Water 
Plant Treated Vater; S,!sr Ponds; 
Hydrology Test Holes; Ho1o:ng 
Tank Test Holes; Footicc. Drak-S 

Walnut Creek; 8-4 ;  C-1; Reservoirs; 
Landfill Pond 1 

A-3; Walnut Creek; Sevage Plant 
Influent; Sewage Plant Effluent; 
8 - 4 ;  C-I; Reservoirs; Offsite 
h'atrrs; Water Plant Raw Water; 
Test Hole 46;  Landfill Pond 1; 
Landfill Pond 2; Landfill Bypass; 
Solar Ponds; Sumps; Waste Treatment 
Pond; A-1 Bypass; Hydrology Test 
Holes 

Sewage Plant Effluent; Water Plant 
Treated Watrr 

A-3, Walnut Creek; B-4; C-1; , Reservoirs; Water Taps; Offsite 
Waters; Water Plant Raw Water; 
Water Plant Treated; Solar 
Ponds; Hydrology Test Holes 

Water Plant Treated Water; Hydrology 
Test Holes 

t 

*. 



TABLE 2.10.2-3 

WATER SAMPLE DETECTION LIMITS 

Typical 
Typ i ca 1 Detection Rocky Flats 

Sample Volume L i m i t  Guide Values for Effluents 
(mi) __ (pCi/l) ( P C ! / L . -  

Parameter - 
Radioactive 

<I330 (USERDAY 0524, 1977) - Americium-241 1,000 0.10 
Plutonium-239/240 1.000 0.10 < 1667 (USERD.LY 0524, 1977) 

< 15 (USEPA. 1977) 
- 
- 25 5.0 Tot a1 Long- 1 ived 

Alpha 
1.000 Tri t i 1 1 ~ 1  

Uranium-233/234/238 1 ,000 

25 Gross Beta 

N0nradioactiL.e 
BOD5 
Dissolved Oxygen 
Feral Coli forms 

F 1 uo r i de 

Oil and Crr.3sc 

Phosphorus dS P 
Residua 1 Chlorine 
'lot iB I Chronii urn 
Total Nitrogen 

PH 

Total Suspended 
Sol ids 

---?j- *pCi/l = ttCi/mi x 10 
**rng/l not applicable. 
***NA - Not applicable. 

---_I__ 

10 
300 

10-100 

20 
500 

50 
10 
5 

10 
100 

NA;':$" 

500 20.000 (USEPA, 1977) 
0.40 <-lO,OOO (USERDAY 052f4, 1977) 

< 50 (USEPA. 1977) - 5 . 0  

0.2 
0.1 

0 - 1 t,*?'< 

0.2 
(0.1 
0.05 
0.2 
2 . 0  

9,731 





__- 

2 . 1 0 . 2 . 3  Regional Water Monitoring 

Surface water samples are taken from several water bodies in the general vici- 
nity of the Rocky Flats Plant. Samples are tasen from Valnut Creek, Grt* , i t  Western 
Reservoir, and Standley Lake, in addition to tap water from nine communities. 

Walnut Creek is continuou5ly sampled at Indiana Street; the samples arc .inalyzed 
for the various radionuclides, elements, and conditions listed in T.ibIe 2.10.2-1. 
In 1977, the average, annual, concentration of plutonium in this krit(-r  s<is 1 c . 4 ~  than 
0.01% of the RCCw, and the condentration of americiuni w.1~ less th'm 0.01% of thc H C G  

Cor soluble americium-241 in public water supplies. 

Weekly samples of raw and treated water are takrn from the KrowficId m d  West - 
minster filter plants, composited monthly. and analyzed for plutoniuin, urmitiiu. nnd 
americium. Additionally, grab samples are collected wcekly 1 roni Grc.it k'csrvi-n Hesrr- 

voir and Standley Lake and analyzed for tritium and nitrate. A water sample is Lalkcn 

weekly from the tap water supply of Boulder. This simple is coinposittvi Iiionthly .ind 
analyzed for plutonium, uranium, and americium. Quarterly. ap-water  g r a b  s m p l e s  

are collected iir six additional communities (Arvada, Denver. Golden, 1 . a f a y ~ t t t t ' .  

Louisville, and Thort?tou). These samples are analyzed €or p utoniuiii. ur. in i i in i ,  and 
americium. Sampling sensitivity is given ip Tabit 2.10.2-3 for caf t - l u v n t  kaCcr ,  

except for plutonium. for which the minimum detectable amount i s  0.02 pCi, ' l .  

The concentration o f  plutonium in ruater from t he  city water-supply rcser~~~~irs 
typically is c 0 . 0 2  pCi/l+c, as compared t o  an HCGw of 1.667 pCi/l for pluloniuin. 
amcunt of plutonium in the tap water samples is conrp.ir~b1y l o w .  Ihc t 5 i : I ' A  stantf.ir-d 
for finished (processed) drinking water is 15 pCi1'l t o t a l  long-lived .tIph.i (USEDt\, 19771. 

The 

6 The RCGw for tritium in public waters is 1 % 10 pCi/l, while the EPA st.&tdrd 
(USEPA, 1977) for finished water is 20,000 pCi/l. The concentr.ition o f  tritium in 
Standley Lake typically is about 600 pCi/l, which i s  statistically indistinguish.ib1e 
from background concentrat,ons. For additiondl cornpairison. the most recant stand,ird 
for tritium in drinking water is that of the EPA, which i . i  20,000 pCi/l. Standley 
Lahe and Great Western Reservoir typically have tritium conccntratlons that  arc less 

than 5% of this scandard. 

The concentration of tritium in Great Western Reservoir averaged 700 pCi/l 
during 1977. TLitium was released in Plant effluent water during 1973 as the result 
of processinE c shipment of plutonium scrap that, unknown to Rocky Flats personnel. 
had been contawinated with tritium by another DOE facility. 

/ 

*Larger samples and extended counting times were used Lo reduce the detection 
limits for these analysis as conpared to the limits shown in Table 2.10 .2-3 .  %\ 

-- - 
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An AEC committee, appointed to investigate the incident, 
damage to public or private property, and the on-site tr 
were not of public health significance (AEC, 1973). The 

reported there was no 
tium contaminition levels 
EPA also conducted an 

investisation and also concluded that the tritium release did not present a public 
health hazard (USEPA, 1974). Despite the small concentrations noted, procedures were 
established to detect tritium and other radionuclides in all incoming shipments and 
i n  Plant effluents. These radionuclides are in addition to those previously included 
in the monitoring program. 

Water samples are collected annually from approximately 35 regional lakes, 
streams, and reservoirs up to 20 miles from the Rocky Flats Plant. These samples are 
apalyzed for uranium, plutonium, americium, and tritium. Historically, the samples 
have contained concentrations of radiosuclides that are typical of natural background 
plrts worldwide fallout from nuclear weapons testing. 

2.10.2.4 Water Monitoring by Other Agencies 

The Colorado Department of Health samples the' Plant effluent at the junction of 
Walnut Creek and Indiana Street three times each week, and analyzes the samples for 
total alpha and beta activity, for tritium, and for nitrate concentrations. Indivi- 
dual samples having total alpha concentrations in excess of 40 x lo-' pCi/ml are 
analyzed specifically for plutonium. Plutonium analysis is routinely performed on 
monthly composite samples from thes, locations. Rocky Flats' holding ponds and the 
Broomfield water supply are a150 monitored weekly for total alpha, total beta, tri- 
tium, and nitrate. In additiov.., water samples are routinely collected from munici- 
palities, lakes, and streams in the vicinity of the Plant, 3nd analyzed for total 
alpha activity, natural uranium, and p1u:onium. Additional sampling for all para- 
meters listed in the NPDES permit is periodically performed collectively by the 
Colorado Department of Health and the Jefferson County Health Department. 

2.10.3 Soil Sam- 

2.10.3.1 Soil Sampling by Operating Contractor 

Soil sampbes are collected annually at alternate intersections of a 500-foot 
grid in the exclusion area of the Plant. These samples are analyzed specifically for 
plutonium. The minimum detectable concentration (HDC) of plutonium in these dry- 
weight samples is 0 . 0 3  x pCi/g, which is equivalent to 0.06 d/m/g. See Sec- 
tion 2.3.9.3 for a discussion df soil sampling methods. 

Soil samples also are collected annually from approximately 60 locations on the 
circumference of three circles having radii o f  1, 2 ,  and 5 miles from the center of 
the Plant (RI, 1975). Using a special tool to control the geometry of the samples, 
500 cm (30 in ) of soil are collected frsrn the top 5 em (2  in.) at each location. 
me soil samples are analyzed for plutonius 

3 3 
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Gurind the investigation of plutonium contamination that resulted frop oil-drum 
leakage, the contractor collected soil samples semiannually from 75 off-site kxa- 
ticms within a 315-sq mi area around the Plant. In additian, spot samples weie taken 
from areas in which plutonium contamination was known to exist. The estimated total 
quantity of plutonium in sail outside the present Hacky Flats site boundary. based on 
DOE Environmental rfeasurements LaborLtory data, is 2.4 Ci. This quantity includes 
plutonium occurring some distance from the site at very low concentrations. 
catcentration of plutonium in air adjacent to this soil, as determined by the air 

The 

sampling network, indicates that only a spa11 fracticn 
entrained in movicg air. More information is given in 

2.10.3.2 Soil Sampling by Other Agencies 

Every year the Colorado Dfpdriment of  Health samp 

of the plutonium is being re- 
Section 2.3.9.2. 

es soil i r l  the Rocky Flats 
Plant environs, in addition t a  making an annual determination of plutonium in Ccloradc 
soil from wcbr!dwide fallout ( C D t f ,  1973”. In the past, the Coloiado Departsent of 
Heal ti: and as  iiient ioncd p r r \ * i o u s i p .  the W E  Environmental Measurcment s bboratory 
have conducted independent surveys of the distribution of plutonium in soil surrounding 
the Plant (Krey and Hardy, 1970; Krey, et al., 1976). The Jefferson County Health 
Department also has done some soil sampling (Johnson. et al.. 1976). 

2 . 1 0 . 4  Ecoloecal  Research and Elonitorins 

Rocky F’.ats research personnel are involved in many environmental study projects. 
Included among these <are studies o t  meteorolcgy soil deposition and re-entrainment 
mechanisms; particle size; stack dnd sewage effluents; filtration; and f i s h ,  algde, 
and bacteria. 

Plant personnel are developing a comprehensive ecological monitoring program. 
This program will create an ecological aata  base to a s s i s t  in detection o f  future 
changes in the local environs. 

I Physical and ecological changes w i l l  be ascertained by various methods. Photo- 
graphic records will be kept to document any gross changes i n  the vegetational com- 

munities over large areas, to record land u5e, and to characterize the aquatic and 
terrestrial permacent study areas. Specific ecological changes in vegetation pat- 
terns will be determined by assessments of species diversity. 

Routine limnological determinations will assess the physical and c!ierical condi- 
tions of various bodies of water Cia the Plan; site. 
animal observations will provide yearly estimates of population dynamics and site use 

by the animals. 

Small m m a l  trapping and game 
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2.10.4.1 Investigation of Plutonium in Aquatic Sysiema by Off-Site Researchers 

Under contract with the Plant contractor, Col*vado State University conducted 
independent studies of the effects of plutonium VL---OUS aquatic systems at Rocky 
Flats. Tuis research was designed to identify at'- wdntify any biological pathways 
for the movement of plutonium in the watercouxscs :: the Rocky Flats Plant. 

There were experiments to determine the tdctors by which bacteria concentrate 
plutonium from water. A l s o ,  the kinetics for transferring plutonium from water to 
sediments, algae, and freshwater fish were investigated. 

The final report covering the period from January 1971 to December 1973 was 
published in 1974 (Johnson, et dl., 1974). The results of the study are given in 
greater detail in Section 2.3.10.3. 

2.10.4.2 Terrestrial Studies by Off-Site Researchers 

The Department o f  Hadiology and Radiation Biology, Colorado Stare University, in 
its fifteenth annual progress report discusses terrestrial radioecological studies at 
.Pocky Flats Crom 1972 through 1977 (Whicker, 1977). This report was completed subse- 
quent to  issnancr o f  the IXIS and is discussed here and ided as Appendis A-2, in 
response to public c0nuner.t on plutonium distribution. TI.? study included numerous 
subprojects designed to clucid.ite plutonium distribution patterns and assist in 
hypothesizing mechanisms influencing those pat:erns. Most investigations were 
conducted on two 7500-in2 study plots labeled .IS Macroplots 1 and 2 .  Macroplot 1 was 
situated about 200 m southcdst (downwind) of the former oil drum storage area (see 
Section 2.3.9.1). Macroplot 2 was established 1,400 m south of the oil drum storage 
area. 

The main objectives o f  the CSU terrestrial Uesearch (Little, 1975) included 
1. Determining principai ecological compartments for plutonium 
2. Determining the size o f  plutonium fractions esisting within the major 

3. Postulating mechanisms of plutonium transport, based on observed data 
compar tmen t s 

Soil, litter, vegetation, arthropods, small mammals, nesting mourning doves, 
mule deer, and snakes were sampled for plutonium analysis and estimation of compart- 
mental mass. Sample analysis was by liquid scintillation counting in the CSU labora- 
tory, or by alpha spectrometry in commercial laboratories (Little. 1976). 

Plutonium concentration on soil particles with less than a 2000 pm diameter 
averaged 1900 d/m/g at Macroplot 1 and 92 d/m/g at Macroplot 2 for depths of 0-3 cm 
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(Little and Whicker, 1978). Mesn concentrations for depths of 0-21 cm wer? 570 d/m/g 
and 22 d/m/g for Macroplots 1 and 2, respectively. Plutonium concentrations were 
inversely proportional to distance downwind from the plutoniun Source (oil drum 
storage area). depth o f  sample, and soil particle size. Postulated primary mechanisms 
of environmental dispersion included attachment o f  plutonium oxide t o  soil particles;, 
wind movement of soil particles and a:.sociated plutonium from the source, and weather- 
ing and penetration of deposited particles into soil. 

More than 99% of the total ecosystem plutonium of both plots was contained 
within the soil (Li:tlc. 1976). The balance existed in plant and animal compartments. 
In Macroplot 1, average plutonium concentrations were 6 3 . 4  d/m/g f o r  star fing vegeta- 
tion. 12.6 d/m/g for arthropods, and 14.4 d/m/g for small mammals. Bone, liver, and 
lung ol small mammals averaged 0.64, 18.6, and 7.93 d/m/g. respectively (Lit:le, 1976). 

2 Mourning dove nestlings were collected froia an approximately 500.000 m 
(1214 acres) area south and sotrtheast of the security-fenced industrial area (Whicker, 
1976). Liver, lung, afid hone samples contained less than detectable amounts of 
plutonium in 15 of 24 cases, and no salrple ccnt3ine.i more than 1 d/m. 

e 

Campling o f  snakes in the Hacroplot 1 area t d s  designed to des-ribe p1:ttonium 
concentrations at the carnivore level of the food chain (Ceiger and Winsor, 1977). 
Of 27 samples of lung, liver, and bone, 20 contained * O . l  ..i/ni/g Pu-239 and none 
exceeded 1 . 0  d/m/g. 

Beginning in 1975, investigations were conductcd to evaluate mule deer as a 
plutonium transport vector. Information was gathered uii population dynamics, move- 
ment and use patterns, food habits, ingestion rates o f  piutonium-burdened soil and 
vegetation, dnd plutonium burdens of deer t i s s u e s  (Arthur, 1377; Hiatt, 1977). The 
hypothesis was that mule deer ingest plutonium associated with soil and vegetation 
and excrete most of the radionuclides with fecal material at surrounding loc;.!es. 
Calculations based on data collccted at Rocky Flats indicate that fsL a 66.2 kg 
animal, spending 365 days per year ir! the Woman Creek area, the 3ost probable, overall 
annual plutonium intake is 7.14 x !u-i pCi (Arthut, 1977). 

- 
Tissue samples were collected from eight mule deer killed in accidents or pre- 

dation in the Rocky Flats area. Plutonium results were compdred with results from 
five con:rol deer taken outside the Rocky F l a t s  area (Hiatt. 1977). Lung, liver, 
muscle, testes, and metacarpal analysis o f  Rocky Flats deer in addition to lung, 
liver, and metacarpal analysis o f  control deer revealed plutonium concentraticms near 
or below the detection limits of the radiodnalytic technique in all cases. Five of 
seven lung samples from Rocky Flats deer contained detectable pIutonium, with maximum 
estimated lung burden being 6.1 d/m. 
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Probable total dispersal thrcugh excretion for deer grazing on Macroplot 1 was 
estimated to be 7.0 x 13 d/m/yr (Hiatt, 1977 ) .  Calculations included estimates of 
seasonal deer use, and an assumption that 100% of the nuclide would be excreted 
within 5.2 km of the plot. 

5 

An additions1 study bv Whicker at Rocky Flats, as noted in the CSU fifteenth 
annual report, was conducced to estimate the effects of pocket gopher soil excavation 
activities on (1) the potential for wind dispersdl cf plutonium, and ( 2 )  the vertical 
eoi'l plutonium profile on Macroplot 1. Whicker summrrizes as follows: "Pocket 
gophers gznerally confined activities to the upper 30 an of soil. During 7 months, 
the rodents cast about 3000 kg of subterranean soil to the surface, which contained 
about 50 pCi o f  plutonium. 
turbed soil profile concentrations decreased from 167 d/m/g at 0-10 cm depth to 10 
d/ffi/g at 20-30 cm depth. 
bution of  plutonium in soil, with a small degree of horizontal dispersion as an 
implied consequence" (Whicker, 1977 ) .  

Mound soil concentrations averaged 39 d/m'3. Mean undis- 

The data shows that pocket gophers effect vertical redistri- 

. 
Tne radioecological study also included cl search for p~tholngical (.fret ts of 

plutonium alpha particles on small mammals (Khickvr. et al., 1977). Prior  to 5.1cri- 
fice for plutonium analysis, some mammals xerc submitted to diagnostic radiography 
during a search €or skeletal lesions. Routine necropsy was performed for pathologic 
conditions, and lung section? were microscop~c,~f ly examined for evidencc of cancerous 
conditions. Analyses of mammals from Narrc~plot I included 189 necrop>ics, 0 5  micro- 
scopic examinations, and 70 skeletal X rays. A l l  examinatiors w r e  negative for the 
pathologiial objectives. The study concluded: "If any smaII mammals do suffer from 
lesions similar to those induced by plutonium, we may never observe them. It is 
possible that individuals suffering from disease. advanced sufficiently to be perceived 
by our methods, may not he trappable. 
effort to check the above possibility. Fourteen mammals from Rocky Flats and 24 from 
the Fort Tollins area have been examined with negative resuits. 
that these data, a d  related data comparing life spans in the laboratory, will be far 
too few to detect differences." 

We have held some animals in captivity in an 

It seems obvious 

The three-year summary report of the CSU group discusses general conclusions in 
regard to radioecological work &.re at  Rocky Flats (Whicker, 1977) .  That summary is 
included as Appendix A-2 to this Enviranmental Impact Statement. 

EPlr Rocky Flats Cattle Study 

In 1973, the U.S. Atoric Energy Commission's Rocky Flats Area Office funded a 
project to purchase, and have analyzed, 10 cattle (Smith and Black, 1975). The 
cattle were from a herd grazed on a 900-acre pasture that was adjacer.t to the eastern 
edge of the Rocky Flats Plant but is n.x a part of the buffer zone. The cattle 
included five aged cows which had been purchased by the owner five or six years 
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earlier and grazed on the pasture from mid-May to the end of October each year. 
included were five cclves born on the pasture during late May or  early June of 1973. 
The cattle received no supplemental feed while on this pasture; their drinking water 
came from Walnut Creek. The remainder of the year, the cattle grazed in wheat, 
a: falfa, or corn fields near Brighton, Colorado, where they were supplemented with 
locally harvested hay and corn ensilage. 

Also 

The cattle were shipped by semitrailer truck to the U.S. Environmental Protection 
Agency's National Environmental Research Center at Las Vegas for sacrifice and sam- 
pling. The LFE Environmental Analysis Laboratories Division of Richmond, California, 
conducted the radionuclide analysis with support services provided by Reynolds Elec- 
trical and Engineering Company. The analyses were for tritium, strontium-89, uranium, 
plutonium-239, and americium-241. The data were compared to data from cattle herds 
grazing on and ar0b-d the Nevada Test Site (NTS) and herds at Searchlight and Reno, 
Nevada. The Rocky FlaL; cattle had tissue concentrations similar to the cattle front 
NTS grazing area and another test area about 35 miles northwest of NTS kbiown as the 
Roller Coaster grazing area. The levels of uran;+im and plutonium found in the Rocky 
Flats cattle were statistically the same as those found from fallout in autopsy 
tissue samples from the general U.S. human pcpulation (Campbell. et al., 1973). 

Four of the five cows were very aged (18 years old), and all of rh\- cattle had 
undergone considerable stress from the transportation to Las Vegas during a severe 
blizzard. No characteristically abnormal pathology was reported. 

The maximum plutonium concentration in edible tissues from the Rocky Flats 
cattle, if ingested by humans at the rate of 500 grams per day for 50 years, would 
contribute an estimated bone dose of only 0 . 0 2  rem from consumption of lifter and 
0.001 :em from consumption o f  muscle. This i s  a small fraction of the estimated 
background dose to the bone which is 11.9 rem per 70 years in the Denver area (see 
Table 3.1.2-6). 'The geometric mean values of uranium in the tissues was slightly 
higher than the amount found in the other beef cattle groups located in other areas. 
This i s  to be expected from cattle grazing in the Colorado Front Range. which has 
higher levels of naturally occurring uranium in the soil. No other anomalies were 
observed. 

University of Colorado Studies 

The University of Colorado (CU) received an ERDA research grant to inventory and 
catalog the vegetation at the Rocky Flats site. The taxonomy and vegetation mapping 
is complete. Appendix A-1 lists plant and animal life observed at Rocky Flats. 
Results are discussed in Section 2.3.10. 
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University of Colorado personnel have studied the phenomenon of needle ice 
formation and its effect on the redistribution of plutonium in scils. The purpose of 
the needle ice project was to determine if needle ice formation (and the associated 
frost heave) increased the erodability of the soil by changing surface roughness and 
surface soil density. Predictions were made, based on the study, as to the times and 
conditions which would maximize such effects, but no empirical evidence was obtained 
to support these predictions (Caine, 1978). 

. 
c 

2.10.4.3 Vegetation Sampling 

For several years, vegetatior samples were collected twice yearly from about 
40 iocations on the Plant site and more than 50 locations off site. These collec- 
tions, normally made in June and September, were taken from an area of about 315 
square miles around the Plant, generally along public rights-of-way. The vegetation 
consisted primarily of native grasses and volunteer fevd grain crops. Root systems 
were not collected. The unwashed samples were analyzed specifically for plutonium. 
The minimum-detectable plutonium concentration was 0.01 pCi/g (dry weight). The 
average concentration of plutonium in the vegetation samples collected in 1972 at 
distances ranging from less than 1 mile to 5 miles was 0.33 pCi/g (dry). The average 
for samples collected at a distance greater than 5 ;Piles was 0.21 pCi/g. which is not 
significaptly different. 

There is no established standprd for plutonium concentration in vegetation. 
There is difficulty i n  obtaining reliable test results, especially at the 'ow concen- 
trations which are observed. Rddionuclides in vegetation make so small a contribution 
to the dose that i t  is mathematically insignifi:ant to 'the total dose. 
reasons, vegetation is now sampled only in conjunction with research programs. 

For these 

2.10.5 Ct-h-ceelated Studis2 

2.10.5.1 Wind Tunnel Studies 

Wind tunnel studies of the Plant site and thc new plutonium recovery and waste 
tjeatment facility were conducted by Colorado State University 
models were used to determine the dispersal routes and trajectories of airborne 
effluents originating at the Plant. A goal was a subsequent determination for the 
most effective placement of air samplers. 
air monitors will detect airborne radioactive releases. 

Tncse tests of scale 

Study results indicated that the ambient 

2.10.5.2 Hydrology Studies 

A detailed hydrology study of the Rocky Flats Plant site was completed by the 
Water Resources Division of the U.S.  Geological Survey ( h u r r ,  1976). A summary of 
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the results are included in Section 2.3.5. 
collected from on-site surface gauging and precipitation stations. 

Additional supplementary data are being 

2.10.5.3 Soil Classification Survey 

The U.S. Department of Agriculture, Soil Conservation Service, conducted a soil 
classification and soil resource s u n e y  and is preparing a detailed soil classifica- 
tion report for the Rocky Flats Plant site as part o f  their overall effort in Jeffer- 
son County. 
discussed in Section 2.3.4.4. 

Portions of the preliminary draft report relating to Rocky Flats were 

2.10.5.4 Virus-in-Water Monitoring Program 

A sampling and analysis program to detect viruses in Plant influent and effluent 

One sample of raw water and one sample of treated water at the water treatment 
plant 

water was conducted by the Carborundum Company. The program .nvolved the following: 
1. 

2. One sample of the influent to the sewage treatment plant 
3. Two saaples at sites in the reverse osmesis system 
4 .  Two samples after an electrolysis treatine process 
5. Two samples of the chloricatgd discharge from the treatment process; one far 

enteric viruses and one for Adeno virus.  

Nine samples were taken as identified above. In Samples 1-4, above, the resul- 
ting concentrate was assayed for enteric viruses (Polic, Echo, and Coxsackie 8). Of 
the two concentrates produced from Sample 5, one was split so that two separate 
assays could be performed--part for the Polio, Echo, and Coxsackie B viruses, and 
part for Reo virus. The second concentrate was obtained using :he same equipment but 
was assayed with procedural modifications for Adeno virus. 
were negative; no viruses were found to exist in the samples taken (McCee, 1975). 
This virus study was done in connection with the new reverse smosis facility. Virus 
are normally associated with high turbidity and suspended solids. 
normally low in Plant effluent, therefore no virus problems are expected. 

Results of the program 

Both of these are 

2.10.5.5 Aerial Radiological Survey 

Aerial radiological surveys of the area surrounding ti:e Rocky Flats Plant -ere 
conducted by E G G ,  Xnc., under an ERDA contract. T'Je Aerial Aadiological Measuring 
System (ARMS), which measures terrestrial, gamma-radiation exrosure rates, was used. 
The ARMS was also used to survey other ERDA facilities. A high-sensitivity detection 
system measures gamma radiation for gamma energy analysis and total gamma count rate. 
The data were then processed by computer into a map showing isoexposure contours 
three feet above the ground. A 200-square mile aerial survey was made of the area 
outside the perimeter fenct.of the Rocky Flats Plant. The survey indicated that the 
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concentration and reiative abundance of radioactive isotopes are consistent with 
normal t.errestri.31 background radiation. The three-foot level exposure rates mapped 
during the survey uele mostly in the 14 to 22 pR/hr range. 
within the Plant perimeter showed exposure rates from 20 to 100 pR/hr. These higher 
rates, recorded near or over Plant buildings, were caused by radioactive material 
within the buildings and by outside storage areas used in the past. Gamma radiation 
from such materials i s  primarily in the low-energy region (less than SO0 keV). 

The detailed survey 

2.11 EMERGENCY PLANS 

Rocky Flats has comprehensive emergency plzns that provide guidance and proce- 
dures which are designed to protect (1) life and property within the facility, (2) 
the health and welfare of surrounding metropolitan communities, and (3) the defense 
interests of the nation during any credible emergency situation. Mutual assistance 
and coordination with Fedrtral, State, and local agencies is assured on a cooperative 
basis. In response to public comment on the DEIS. more detailed information has been 
provided on the State emergency response plan for tke Rocky Flats area, and i:s 
interface with on-site emergency response programs. 

2.11.1 m r t m e n t  of Energy Emergency Organization 

The DOE-RFAO Manager coordinates activities for emergencies affecting off-site 
personnel o r  property. He is responsible for maintaining liaison with the supp.>rting 
Federal, State, and local agencies. The DOE-RFAO emergency organization is under the 
direction of the RFAO Manager, who also is responsible for off-site activities of DOE 
support groups. The DOE-RFAO Manager may obtain further assistance through the 
Interagency Radiological Assistance Plan (IRAP). The IRAP provides that each of the 
signatory Federal agencies will assist one another in the event o f  a major emergency 
involving radioactivity. The DOE coordinates its response under the IRAP. In the 
event of a serious rddiological emergency at Rocky Flats, tecnnical and logistical 
asststance can be obtained from the participating agencies. 

2.11.2 Contractor Emergency Organization and Responsibilities 

2.11.2.1 Staff Management Responsibilities 

The Rocky Flats Plant General Manager is directly responsible for assuring that 
an adequate emergency planning and response program is maintained. 
Manager's Staff is responsible for ensuring appropriate emergency response planning 
and training within the scope of their operational responsibilities. 

The General 
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2.11.2.2 Program Administration 

The Plant Emergency Plannipg Program is administratively coordinated :hrough the 
Safeguards and Security Department. 

The Shift Superintendent on duty i s  designated as the Emergency Director during 
an emergency situation. 
the emergency; ensuring that all possible steps are taken to protect life and prop- 
erty; ordering any immediate operational actions required to bring the sit-zation 
under control, including coordination of off-site assistance; and providing manage- 
ment and appropriate staff groups with prompt notifications and continuing assess- 
lrents and information concerning resolution of the situation. 

He is responsible for determining the extent and severity of 

Building Superintendents are responsible for coordinating operational emergency 
planning for their respt-tive buildings, establishing and training local emergency 
response groups, establishing and maintaining communications systems and emergency 
equipment, and for the dissemination of Plant and building emergency plans to employ- 
ees. in the event of an emergency situation, the Btiilding Supe;i-tendent serves on 
the Shift Superintendent's staff. 

Department supervisors have emergency planning and action rezponsibilities 
commensurate with normal daily operations. These include, but are not limited to, 
( 1 )  hazard evaluations of work area5 and the formulation of operational emergency 
procedures for their departments, (2) training of local response teams and department 
employees, and (3) providing immediate direction of emergency activities and support 
of Plant response teams. 

Plant Emergency Response teams are comprised o f  specialized personnel who are 
trained and knowledgeable in meeting emergency situations. These include such fields 
of expertise as fire fighting, Plant security and nuclear materials protection, 
medical, radiation monitoring and health sciences, nuclear sdfety, and environmental 
sciences. The groups are further supported by expertise in industrial safety, indus- 
trial hygiene, communications, utilities, and transportation. These response groups 
are responsible for providing the direction and appropriate action required to resolve 
any emergency situation. 

The Emergency Planning Review Committee is composed of the Health, Safety, and 
Environment Director; the Safeguards and Security Director; a Shift Superintendent 
Representative; the Emergency Planning Coordinator, and a representative of the DOE. 
The Committee is responsible for 

1. Ensuring preparation and updating of the Rocky Flats Emergency Plan 
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2. Reviewing all emergency plans. procedures, equipment, and €acilities for 
compliance and compatibility wi:h each other and with the Rocky Flats 
Emergency Plan 
Haking recommendations to the General Manager's Office concerning emergency 
planning and readiness 
Coordinating and evaluating tests and exercises to ensure emergency readiness 

3. 

4 .  

2.11.3 Rocky Flats Emergency Plan 

The Rocky Flats Emergency Plan is designed to provide necessary guidance to meet 
the most probable local, state, or national emergency situations. 
with County, State, and Federal emergency plans to meet the following objectives: 

The plan interfaces 

1. 
2.  

Take necessary measures t o  prevent any disasters that may be averted. 
Provide procedural guidance during an emergency situation that will prevent 
or minimize injury or loss of life or property within the facility or in 
the surrounding metropolitan community. 
Provide for recovery from the emergency situation and reestablish normal 
conditions and operations. 

3. 

While the plain is an integrated compilation of various emergency plans, the on- 
site, off-site, and National Preparedness components of the plan will be described 
individually for purposes of clarity. 

2.lJ.3.1 On-Site Emergencies 

The Rocky Flats Fmergency Plan expresses the philosophy that the Rocky Flats 
Plant be as self-sufficient as possible in handling emergency situations within the 
facility. 
Written agreemen'i are in effect with St. Anthony HospitAl systems, St. Luke's Hospi- 
tal, and the University of Colorado for medical assistance. 
in effect with the Jefferson County Sheriff's Office, Golden, Colorado, for law 
enforcement support. 
support is also available from the Federal Bureau of Investigation. 

Assistance may be requested from outside sources, however, if required. 

A written agreement is 

Since the Rocky Flats Plant is a Federal facility, additional 

Types of Emergencies 

The Bocky Flats Emergency Plan providzs procedural guidance for the follawing 
emergency situations: bomb incident or threat, chemical spills, radioactive or toxic 
material releases, nuclear criticality incident, fire, flood, earthquake, high winds 
or tornado, utilities failure, vehicular or aircraft accident, winter storms, riots  
or demonstrations, terrorist attack, and security alarm response. 
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Emergency Control Center (ECC) 

The ECC is a designated area in the Plant administration building that serves as 
thc Shift Superintendent's Office. The area is commit:ed solely for emergency opera- 
tions if such need arises. During the emergency situation, a designated cadre of 
management and response group personnel assume immediate responsibiiity %r emergency 
operations and activities. The ECC is fully equipped with on-site and off-=ite radio 
communications, telephone comunications, bui1dir.g plans, emergency proced . res,  and 
closed circuit TV scanning systems. 

Dvring a civil emergency, the ECC is expaaded to include the national Emergency 
Radio Systems (ERS). The ECC is then designated as the Emergency Operating Center 
(Em) within State or Federal civil defense guidelines. 

Emergency Control Station (ECS) 

An ECS is a location, designated by the Shift Superintendent, near the emergency 
scene. It serves as a local control point for direction of on-scene emergency 
response activities. 
vision and appropriate response group supervision as designated by the Shift Superin- 
tendent. Radio and/or telephone comuncation links are established between the ECC 
and the designated ECS. 

The ECS is staffed with building superintendents and/or super- 

- Not i f i c at i ons 

There arc various means of aotification of an emergency situ3ti.n within the 
Plant. 
patrol telephone boxes, two-way radios, and the Plant public address system. A 
special one-way telephone system is dedicated exclusively tr. the notification of 
appropriate management personnel, informing them simultaneously of emergency situa- 
tions. 

Examples are the Plant telephone system, fire alarm telephone boxes, guard 

Emergency Response Facilitfes 

The Rocky Flats medical facility consists of a hospital that includes a surgery 
room, treatment rooins, X-ray facility, five-bed ward, decontamination room, and 
medical laboratory. The hospital is staffed by three doctors. four nurses, one 
X-ray technician, and a mcdical secretary. On-site ambulance, rescue, and emergency 
medical technician (EMT) services arc provided by the Rocky Flats Fire Department. 
Within the written agreement with S t .  Anthony Hospital systems is provision for the 
"Flight for Life" helicopter air-ambulance service. 

Rocky Flats maintains an on-site contamination-control equipment and supplies 
trailer. This mobile unit contains stores of protective clothing, tools, emergency 
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lights, and radiation moiritoring supplies. The unit can be moved to an emergency 
scene to provide support in addition to the equipment available in each building. 

A description of the Plant Protection Force and the Fire Department 5s presented 
in Section 2.12, Safeguards and Security. 

Evacuation Procedures 

Evacuaticn procedures art included in Plant and buildiry emergency plans. The 
decision to evacuate a building or area will be made by management. 
routes and personnel assembly areas are designated for each building or area. 
location cf all per-onnel must be accountablc by supervision. 
authorized only hy the Shift Superintendent. 
plished according to Rocky Flats National Preparedness Plan procedures. 

Evacuation 
The 

Re-entry may be 
Total Plant evacuation would be accom- 

Atmospheric Release Advisory Capability (ARAC) 

In cooperation with Lawrence Liverirore Laboratcry (California), Rocky Flats 
subscribes to an Atmospheric Release Advisory Capability (ARAC). 
system is to provide atmospheric dispersion projections in the event o f  an abnormal 
release of radioactive or other tb.:ic substances t o  the atmosphere. The Rocky Flats 
ARAC system includes a computer whicl is capable o f  providing immediate dispersion 
projectioas to a distmce of approximately 10 kilometers ( 6 . 7  mile:) from the Plant. 
The system also provides for communication with the ARAC Central Facility, where 
sophisticated atmospheric models will extend the dispersion projections up to 80 km 

(50  miles) from the Plant. These sophisticated projections include corrections for 
terrain, as well as weather data from several observation stations. 
detailed information for historical anaiyses and possibly for post-emergency guidance 
for  the exttemely low concentrations which might be found at  greater distances. 

The ourpose o f  this 

This provides 

2.11.3.2 Off-Site Emergencies 

There are two types of off-site emergency situations that require Rocky Flats' 
, 
1 

response: 
personnel, or material; ( 2 )  a potential or real condition resulting from a Rocky 
Flats emergency sltuation, causing an inadvertent release of radioactive or other 
toxic material that could affect surrounding communities, the Denver metropolitan 
area, or other areas of the State of Colorado. 

(1) an off-site radiological incident involving ncn-Rocky Flats facilities, 

Off-Site Radiological Assistance 

Through WE-RFAO ;t Rocky Flats, the Qocky Flats Radiological Assistance Plan 
interfaces with the Department of Energy Radiological Assistance Plan, the Interagency 
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Radiological Assistance Plan ( T U P ) ,  and the JDint Nuclear Accic!ent Coordinating 
Center (JNACC). 

- DCC Radiological Assistance Plan 

The Radiological Assistance Plan assigns nationwide and regional responsibili- 
tics, establishes lines of communiration, identifies resources, and provides general 
guidance for handling radiological incidents. In addition, it encouragcs State a' 
local governments and private industry to develop their own radiological emergency 
capabilities and plans. The Rocky Flats Plant is located in Radiological Assistance 
Region 6 whose Regional Coordina'ing Office is the Idaho Fails Operations Ofiice. In 
the event of a radiological emergency at. Rocky Flat:. the total resources of DOE and 
its contractors can be called upon. The plan and implementing instructions issued by 
Idaho have been coordinated with representatives of the State of Colorado. 

interagency Radiological Assistance Plan (IRA?,) 

The IRAP w3s developed by the Inreragencv Committee on Radiological Assistance 
as a means frr providing rapid and effective radiological assistance in \e event of 
a radiological incident. Through 'IMP, participating Federal agencies can coordinate 
their activities with those of state qnd local health, police, fire, and civil defense 
agencies. Tne IRAP pmvides operating guidelines and a training program. It coordi- 
nates existing competencies, responsibilities, and relationships to*provide effective 
action at the lowest possible administratige level. Agencies participating in the 
I?AF are as follocrs: Department of  Energy (DOE); Department of Agriculture; Depart- 
rneiit of Commerce; Department of Defense (DODj; Department of Health, Education, and 
Welfare; Department of Labor; Department of Transportation; Environmental Protection 
Agency; Interstate Commerce Commission; National Aeronautics and Space Administration; 
Defense Civil Preparedness Agency; and the Postal Service. 

J_* Nuclear Accident Coordinating Center (JNACC) 

The DOE and DOD have agreed tc assist one another in the event of an accident 
involving radioactive materials. To provide such assistance, the two organizations 
have established a Joint Nuclear Accident Coordinating Center (JNACC). Located in 
Albuquerque, New Mexico, this facility is manned by DOE and DOD personnel. Records 
are maintained <if the specialized capabilities and equipment of ehch agency. wherever 
located. These records are available in ar. emergency. The center is manned 24 hours 
a day and has telephone contacts with over 300 DOE and DOD radiological assiszance 
teams. If there were a radiological accident at Rocky Flats, these agencies would be 
available through the JNACC to provide whatevcr assistance is appropriate. 
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Rocky Flats Radiological Assistance Team 

The Rocky Flats Radiological Assistance Team is a support function continuously 
maintained in a state of readiness. 
Radiation Monitoring personnei, -id electronic technicians knowledgeable in radio- 
active material detection and control. The team is equipped with a mobile trailer 
unit containing radiation-monitoring and air-sampling equipment and supplies. 
Assistance m a p  be initiated from the following sources: 
Idaho Fa!ls  Regional Control Office, through the WE-RFAO in support of the DOE 
Assistance Pian. ( 2 )  a request from a member o f  I M P ,  and (3) notification by any 
individual cognizant of a possible radiation hazard. Upon receipt and evaluation of 
the notification, the Shift Superintendent will dispatch sufficient team members and 
equipment as the situation warrants. 
tion to Rocky Flats Xanagernent of the situation and of actions that have been taken. 

The team consists of Health Physics personnel, 

(1) a request from the DOE 

The Shift Superintendent also provides notifica- 

The informtion described below has been extracted from, and reflects the DOE 
understanding of, the esisting working Draft Plan dated July 1978. 

2.11.4.1 Plan Activat ion and Responsibilities 

In the cvmt o f  an incident at the Rocky Flats Plant involving the release of 
radio.ic t i v c  m.iter-ia1 that may endanger the health and safety of the general public, 
the Colorado Radiological EinerRcncy Response Plan would be activated. 
describes concepts of emergency operatrons and assigns responsibilities to public and 
private satcty and medical agencies.  

S ta te  of  Colorado. .+dams County, Boulder County, Jefferson County, the City and 
County of Denver-, the United States Government through its agent, the Department of 
Energy, and the opt*rriting contractor. The plan is published under the authority of 
the Colorado 1)isastc.r Emtrgency Act of 1973 and is consistent with other laws and 
regu1.ations of the S t a t e  o f  Colorado and the United States of America. The State 
plan i s  prepared and administered by the Colorado Division o f  Disaster Emergency 
Se:rvices. 
Radiological Emergency Response Plan for Rocky Flats. These criteria are called 
Protective Action Guides (PAC). 

This plan 

The plan represents agreements between the 

The Colorado Department of Health derived action criteria utilized in the 

2 .11 .4 .2  Notifications 

Immediately upon the occurrence of an incident requiring implementation of the . 
State plan, the Shift Superintendent on duty at the Rocky Flats Plant will initiate, 
at the direction of WE-RFAO management, the State plan notification procedures. 
This is done via the Colorado network of the National Warning System (NAWAS) to the 
prisary State warning point (State Patrol) and via the Jefferson County Sheriff's 
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Department to Jefferson County. From these two communication points, an elaborate 
"fan-out" procedure provides for notification to State, County, and local emergency 
agencies, the State and County Emergency Operating Centers, hospitals, and the Gover- 
nor's Office. 

2.11.4.3 Incident Assessment and Criteria for Action 

On-site incident conditions at Rocky Flats will be evaluated by contractor and 
DOE personnel for potential radiological hazards, and results will be reported to the 
Colorado Department of Health (CDH). Off-site assessment will be :::formed by CDH 
radiological health personnel, and those results also will be reported to the Colorado 
Department of Health. All radiological readings will be forwarded to CDH representa- 
tives at the Colorado Emergency Operating Center (EOC). 

Recommendation for action is based on the Protective Action Guide (PAG) 
(CDODS, 1979) shown in Table 2.11.4-1. The PAG is the projected dose, to individuals 
in the population, that warrants taking protective action. The dose is a function of 
the size of the release, distance f,-m the Plant, and weather conditions. 

TABLE 2.11.4-1 
ROCKY FLATS PROTECTIVE ACTION GUIDE 

(rem per incident based on a 70-year dose commitment) 

Category - 
la 
IIb 
IIIC 

Mineral Bone 
<6 

> 30 
6-30 

a. Category I requires increased surveillance. 
b. Category I1 requires iccreased surveillance, the protective action of "Duck and 

- preclude radiation exposure. 
c .  Category 1 1 1  requires, in addition to the requirements of Category 11, consi- 

Cover" procedures, and consideration of access control of the affected area to 

deration of mass evacuation of the populace to preclude radiation exposure. 

The PAC does not imply an acceptable dose. However, if the maximum credible 
accident occurred (Section 3.2.4.21, and the popdation took no protective aztion, 
then fewer than two additional deaths per 10,OCO people living to age 70 would occur. 
If protective action were taken, the effect would be lower. 

For further information, see the Colorado Department of Health's report draft, 
entitled "Factors, Equations, and Considerations Usod in Selecting the Protective 
Action Guide for the State of Colorado Rocky Flats Emergency Response Plan" (CDH, 
1977). 
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2.11.4.4 Command and Control 

i 

2.11.4.6 Public Warnings 
/ 
/ 

The Governor of the State of Colorado will exercis- overall control of State 
forces through the Division of Disaster Emergency Services. 
activated immediately upon receipt of notification and will be the primary control 
point for the State. 

',.le Colorado EOC will be 

The sheriff and the county commissioners of all affected counties will exercise 
control of county forces. County EOC's will be activated upo. notification and will 
be the primary control point for each county. 

DOE and the contractor will exercise control over Rocky Flats forces. Such 
control will be maintained from the Rocky Flats EOC. 

An order to evacuate an area having radiological contamination will normally be 
made by the Governor upon the advice of  the Colorado Department of Health. Should 
the radiological hazard present an immediate threat to the health of the populace, 
those areas designated by DOE-RFAO or the Colorado Department of Health will be 
immediately evscuated, and the areas will be controlled to limit re-entry pending 
further response actions. Control actions may include restrictions on food and 
drinking water. 

2 . 1 1 . 4 . 5  Communications 

The National Warning Systems (NAWAS), the Colorado Law Enforcement Emergency 
Radio System (CLEER), and commercial telephone will be used to  disseminate notifica- 
tions of an incident. 
linking State, Count!r, Rocky Flats EOC's, and on-scene control points together on the 
State Local Government Civil Defense Network. 
maintain :heir own communications. 
through the St. Anthony Hospital Communications Center. 

Direction and control coordination will be maintained by 

Each law enforcement agency will 
Medical and health aspects will be coordinated 

,-- 

The decision to  issue warnings and the content of warning messages will be made 
by the Colorado Department of Health, Division of Radiation and Hazardous Wastes 
Coatrol. I f  Civil Defense warning sirens are located in affected areas, the sirens 
will alert the population to tune to emergency broadcast stations. 
including evacuation instructions, will be disseminated via commercial public broad- 
casting stations and by public safety vehicles with loudspeakers. 

Warning messages, 

t -  
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2.11.4.7 Radioloziral Exposure Control 

, 

If an area is determined to constitute a radiological hazard, all emergency 
forces will proceed through estahlished control points. All personnel entering the 
controlled area wFll be issued dosimeters, if needed, and will be registered at the 
control poifit. After the allowed exposure time has elapsed, personnel must return to 
the control point to have dosimeters read. If the maximum allowable exposure has 
been reached, personnel will not be allowed to re-eqter the area. If airborne radio- 
logical hazards exist, all personnel shall follow proper respiratory requirements 
established by the Colorado Department of Health. 

2.11.4.8 Evacuation and Traffic Control 

Should an incident resul in a potentially hazardous release of contamination, a 
controlled area will be established around the exist'ing or projected location of 
contamination. This action will control access to the area and control evacuation if 
deemed necessary. 
the hazard cr, if conditions warrant, denied accesz to the area. Traffic on main 
arttries will be re-routed so as not to pass through a controIled area or interfere 
with emergency operarions. In the event of evacuation, control point personnel will 
establish evacuation routes and direct evacuees to designated reception areas. 

All vehicles approaching the controlled area will be advised of 

2.11.4.9 Medical Services 

Rocky Flats personnel will be treated at St. Anthony's Hospital or St. Luke's 
Hospital in accordmce with written agreements between Rocky Flats and those facili- 
ties. 
controlled area for contamination. Contaminated vehicles will not be permitted to 
leave the controlled area, and contaminated personnel will be transferred to ambulances 
or buses at control points. 
directed or taken to neighborhood schools or to Camp George West, Golden, Colorado 
where decontamination facilities will be established. The University o f  Colorado 
Medical Center will coordinate the utilization of other hospitals for the treatment 
of incident victims. 

During evacuation general population personirel will be screened at an off-site 

Personnel who have indications of contamination will be 

2.11.4.10 Public Information 

The DOE-RFAO and its contractor are responsible for all information relating to 
an on-site incident at Rocky Flats. The Colorado Department of Health, DOE-RFAO, and 
the contrzctor will coordinate public information to avoid releasing conflicting 
information that may unnecessarily alarm the public. 
to appropriate media for warning and evacuation purposes shall be coordinated by the 
Colorado Departmen: of Health. 

/ 

Information and news releases 
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2.11.4.11 Exercise and Evaluation 

, 

The State Plan will be exercised annually. Assessment of the plan by all agencies 
involved has, after a number of revisions, resulted in concurrence that the plan is 
well-developed and ready to be exercised. 
Announced exercises will be for training purposes; unannounced exercises will be for 
evaluation purposes. Each exercise will be accomplished in accordance with an exercise 
plan that will be publishpd separately. 
within one week of the rxercise to evaluate the results and review recomendations. 
The critique will serv: as the basis foc annual review and revision of the plan. 

Exercises may be announced or unannounced. 

A critique of each exercise will be held 

2.11.4.12 Federal Assistance Resources 

In addition to the Rocky Flats and Coloredo State emergency resources. the 
availability of additional assistance through the Federal Emergency RaAiological 
Assistance programs is recognized and incorporated as part of the Colorado State 
Plan. 

2.11.5 Rocky Flats Tests and Exercises 

Tests and exercises of the Rocky Flats Emergency Plan and procedures are conducted 
periodically on a selected basis. Such exercises are cogrdinated by the Shift Super- 
intendent's Office and the Emergency Planning Coordinator. 
to determxne procedural adequacy and employee training and performance. Post-test 
critiques are conducted to determine efficiency and to modify procedures as required. 

The exercises are designed 

The emergency response indoctrination and training programs include first aid, 
radiological control, and the use of emergency equipment. Periodic refresher courses 
are given to :mure that emergency response teams and key personnel remain fully 
trained and capable of handling any emergency situation. 

Emergency equipment is periodically inspected and tested to ensure such equipment 
Tests include activation of emergency warning is continuously available and operable. 

and communications systems, and transportation and control equipment. Exercises have 
included the participation of off-site emergency support groups such as medical and 
law enforcement. 

The Rocky Flats emergency preparedness program is under continuing review by the 
Rocky Flats Plant Manager and the Escrgency Planning Review Committee. 
changes are made immediately, as required. All procedures are reviewed, updated, 
and/or revalidated annually. 

Procedural 
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2 . 1 1 . 6  National Preparedness 

The Federal Preparedness Agency (FPA) and the Defense Civil Preparedness Agency 
(DCPA) have overall responsibility for civil defense and survival in the event of an 
enemy attack. major natural disaster, or catastrophic man-caused emergency condition. 
These agencies plan the training and warning systems, evacuation shelter programs, 
and care and rehabilitation programs for communities that may be affected by a major 
disaster. 

The Region 6 Headquarters :or DCPA, located in a hardened underzround facility 
at the Denver Federal Center, serves as the regional Lergency Operating Center 
(EOC). The DOE-RFAO at Rocky Flats has assigned individuals to serve as official 
representatives at this center. 

To support the civil defense effort, Rocky Flats maintains a National Preparedness 
Plan as part of the overall Rocky Flats Emergency Plan. Alerts and warnings of 
impending disaster would be received through the National Warning System (NAWAS). 
Upon receipt of an alert, the Rocky Flats Emergency Radio System (ERS) would be 
activated, providing a comaunications link to all Federal agencies throughout the 
count ry  . 

Other support measures include plans for evacuating all Rocky Flats personnel to 
an emergency relocation area, an on-site civil defense shelter program, and a vital 
records protection plan to assist in the recovery and resumption of Plant operations 
during the post-disaster rehabilitation period. 

2.12  SAFEGUARDS AND SECUZlTY 

The Safeguards and Security function at Rocky Flats is an integrated program 
designed for the protection of nuclear material from loss, theft, or diversion by 
unauthori;ed persons; the protection of classified information from compromise, 
espionage, theft, or loss; and the protection of government property from sabotage, 
theft, loss, or other ham. In response to public comment, the Plant's security and 
nuclear inventory systems are discussed in greater detail than presented in the DEIS. 

/- 

The Safeguards and Security organization ivsludes, but is not limited to,  the 

1 .  Plant Protection 
2. Fire Department 
3. Emergency Planning 
4. Security Procedures 
5. Personnel Access Control 
6. 

following functions: 

Classified Document Contzol & Records Hanagelcent 
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7 .  Technical Securi t y  

8 .  Nuclear M . i ~ t . r i , i l s  Control and Accountability 
3.  UtiliLies 

The object i v c s  of the Safeguards and Security Program include 

1 .  Continuous study to detect and evaluate potential threats against all 

2.  

3. 
4 .  

5. Maintenance of appropriate planning against all reasonable contingencies 

government as: :ts at Rocky Flats 
The development of protective measures to counter the range of credible 
threats 
Assessing the effectiveness of protective measures 
The enforcement of Safeguards and Security requirements through administra- 
tive and civil procedures 

The Department of Energy (DOE) applies an in-depth approach to protection mea- 
sures. Such measures include physical security methods, personnel administrative 
controls, and mater.al accountability procedures to meet th,: responsibilities pre- 
viously specified. The Safeguatds and Security Program is dyncmic in nature. It 
provides for a continuous review of protective measures to ensure maximum efficiency 
within the professional state-oE-the-art and to ensure compliance with all DOE require- 
ments. 

The remainder of  t h i s  section provides a descriptive review of the measures in 
effect for the protection of nuclear material and, concurrently. classified informa- 
tion. Such detail, however, will not be presented as to jeopardize or compromise 
security operations. 

The physical security program is designed within the following concepts: 

1 .  

' 2.  i 
I 

3. 

4 .  

5. 

To isolate Plant facilities containing Special Nuclear Haterial from all 
other administrative or support facilities. 
To physically and administratively restrict access to %ecial Nuclear 
Haterial to those persons who posses a Security Access Authorization (clear- 
ance) and who have an operational or official need for access. 
To detect and thwart any attempt at unauthorized access to, or removal of, 
Special Nuclear Material within a facility. 
To maintain an adequate, well-trained, and equipped Plant Protection force 
with immediate response capability to meet any overt or covert ;-ttack 
against the facility. 
To coordinate with Federal, State, or local law enforcement agencies for 
pursuit and recovery of nuclear materials tn the event that earlier protec- 
tive measures are unsuccessful. 
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The physical security systems, designed to conform to the above concepts, utilize 
physical barriers, electronic alarm and detection systems, personnel access control 
procedures, an armed security force, and trained operating personnel. . 
2.12.1 Physical Barriers 

The Rocky Flats facility consists of 6,500 acres of Federal government-owned 
property. This property is fenced with barbed wire, and "No Trespassing" signs are 
posted. The Plant is located at the center of the property, with two access roads 
crossing the property. One road is from Highway 93 located to the west and one is 
from Indiana Street to the east. The terrain surrounding the Plant is rough, serving 
as a natural barrier to normal vehicular traffic. 

2.12.1.1 Plant Perimeter 

.- 

The Plant is surrounded by a security fence, Uhich is topped with barbed wire 
and lighted during hours o f  darkness. 
patrol by armed guards and immediate response capability in the event of an incident 
such as attempted intrusion. 

A road inside the fence permits vehicular 

The two main gates serve as normal entrance points into the Plant from the 
access roads. 
guards who open and close the gates by means of remote control. 

The electrically operated gates are manned 24 hours a day by armed 

All persons entering the Plant must have an appropriate security badge. Pers1ot.a 
other than employees must be identified, logged in by a guard. and issued a temporary 
badge before being permitted to enter the Plant. 

1 
All vehicles entering the Plant are subject to search prior to entering, o r  

while within the perimeter fence. 

Two-way radio and telephoce communication are maintained between the main gate 
guard posts and the Plant Protection Central Dispatch Station. 
vision provides monitoring o f  main gate operations by the Central Dispatch Station. 
There are other additional features in the protective system that would also alert 
protective forces in the event o f  an attempted entry by unauthorized intruders. 

Closed-circuit tele- 

A double fence is planned for the northern part of the Plant and is schedulnd 
for completion in 1980. 

2.12.1.2 Internal Security Area 

Inside the Plant perimeter, the "island security" concept is utilized. There 
are four types of internal security areas for the protection of classified informa- 
tion and nuclear material: 
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1. Speciat Nuclear Material Protected Area 
2. 
3. Classified Exclusion Area 
4. Classified Limited Area 

Special Nuclear Material Protected Area 

Special Nuclear Material Access Area 

An SNH Protecttd Area is a security area that surrounds facilities which contain 
specified quantities of special nuclear material and may contain classified informa- 
tion. It is surrounded by a chain link security fence, topped with barbed wire. The 
fences 3re lighted during hours of darkness. 

The entrances to SNM Protected Areas are security posts manned by armed guards. 
There are two or more guards in these areas at all times. Internal areas are also 
under guard patrol. 
Access to the area is controlled by a coded badge system, based upon security clear- 
ance and operational need 
for access and are logged in at the area guard post. 
the continuous escort of a security-cleared employee. 
tion personnel are under continuous guard escort. All personal lunch boxes, brief- 
cases, packages, and other items are inspected when entering or leaving an SNM Pro- 
tected Area. 

No personal vehicles are permitted within an SNM Protected Area. 

All visitors to an area must have proper authorhzation 
Uncleared visitors are under 
Uncleared vendors and construc- 

All personnel and government vehicles are rsdiometrically searched by stationary 
Personnel or vehicles required to utilize emergency or radiometric scanning devices. 

non-routine portals are scanned by guards using portable scanning equipment. 
event a radiometric alarm is activated, the ?rotected Area Portals are secured and 
the person or -.?chicle is detained by the guard upti1 the cause of the alarm condition , 

can be determined. If the condition cannot be resolved by the guard, specially 
trained health science personnel are brought in to perform a detailed radiometric and 
pl.ysica1 search. Whei: the cause of tte alarm is located, the Nuclear Materials 
Control Manager is notified to investigate any material, parts, or  other items that 
may be Giscovered. If a person or vehicle should penetrate the Protected Area barriers 
In an unauthorized manner, the Plant perimeter barrier gates would be secured and 
Plant Protection forces would be alerted to immediately apprehend such person or 
vehicle. Any further action would be accomplished under activation of emergency 
plans. 

In the 

Special Nuclear Material Access Areas 

SNU Access Areas are located within SNM Protected Areas. They contain specified 

SNU Access Areas are primarily buildings where Special Nuclear Material is 
These buildings are constructed of reinforced concrete or other 

quantities of special nuclear material and may contain classified information and 
material. 
p;ocessed or stored. 
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material resistant to penetration. All non-routine and emergency portals are locked 
and continuously alarmed. Appropriate hardware permits emergency egress from within 
the buildings if the need should arise. During non-operational hours, all doors are 
locked and alarmed, and internal areas are under armed guard patrol. 
working hours, access to the buildings and areas is controlled administratively by 
supervision, in accordance with written all-inclusive Building Rules that are strictly 
observed. 

During normal 

Classified Exclusion and Limited Areas 

Classified Exclusion Areas are security areas that contain only classified 
matter, and less than specified quantities of Special Nuclear Material. The barriers, 
access controls, and guard protection are similar to those described for SNU Protected 
Areas, with two exceptions: (1) radiometric searclies are not required, and (2 )  
physical searches are required only on a random basis. 

Exclusion areas contain security interests of such nature! that mere access to 
the area constitutes access to those interests. Limited areas contain security 
interests that are administratively controlled by guards or security-cleared indivi- 
duals. 

2.12.1.3 Vaults and Vault-Type Rooms 

Vaults and vault-type rooms are utilized for the storage of classified informa- 
tion and Special Nuclear Material. 
ments, usually of reinforced concrete, with Government-approved doors and locking 
mechanisms. Vault-type rooms are of penetration-resistant construction, with ap- 
proved locking mechanisms, and are internally protected with electronic space alarm 
systems. 
mechanisms that require the presence of two security-cleared, authorized persons 
before access can be accomplished. Records are maintained of all persons having 
access to storage areas. 

Vaults are constructed to DOE regulatory require- 

Such areas utilized for storage of Special Nuclear Material have locking 

'Vaults and vault-type rooms are located inside buildings that are designated as 
Special Nuclear Material Access Areas or within Classified Security Areas, depending 
upon the nature of the security interest being protected. 

2.12.1.4 Alarm Systems 

There are various alarm systems used for security protection purposes, along 
with certain operational alarm systems that serve to alert both security and opera- 
ting personnel, as the situation may dictate. 
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1.  The building alarm systems are designed to detec: any attempt at unautho- 
rized entry into any processing or manufacturing building through a door or 
other opening. 
Vault-type room alarm systems are designed to detect any attempted penetra- 
tion of the room perimeter. 
Radiometric scanning alarm systems are designed to detect any attempt by 
unauthorized persons to remove certain quantities of nuclear material from 
a security area. This capability must be qualified, in that scanning 
sensitivity may be affected by the form of the material, possible shielding, 
and other considerations. It must be realized, however, that the current 
systems are considered to be the best, within the state-of-the-art and 
technological limits. 
The fire detection alarm system is designed to provide immediate notifica- 
tion of tire conditions to the Fire Department and the Security Department. 
Operations-related alarm systems include, but are ncrt limited to, nuclear 
criticality alarms and air monitoring alarm systems (see Section 2.5.1). 

2. 

3. 

4 .  

5. 

All alarm systems are maintained and tested in accordance with DOE requirements. 

2.12.2 Material In Use 

2.12.2.1 Classified Information 

Classified information may be contained in variods forms; e.g., documents, 
parts, and assemblies. At all times, classified information that is not in approved 
storage either is in the custody of personnel who pxsess necessary Security Access 
Authorization (clearance), or it  is protected from unauthorized access within DOE 
regulatory security measures. All such information is located within the security 
areas previously described. 

2.12.2.2 Special N,icleat Material 

Special Nuclear Material not in storage may be in various forms; e.g., raw 
material, parts, end waste. All material either is in the custody of personnel who 
possess the necessary Security Access Authorization, or it is protected from unauthor- 
ized access within DOE regulatory security measures. 
SNM Access Areas previously described. 

Such material is located within 

2.12.3 Transportation On Site 

2.12.3.1 Classified Information 

Classified documents are transmitted within and between internal security areas 
through the classified mail service, hand-carried by authorized personnel, or trans- 
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mitted by armed guard courier. 
each document. 

A receipt system provides unique accountabilit-j of 

Classified parts and material may be transported between internal security areas 
only by armed guard in locked security vans or by cleared employees under armed guard 
escort. Continuous radio communication xs maintained between the guards and the 
Plant Protection Central Dispatch Station while the material is enroute between 
security areas. 

2.12.3.2 Special Nuclear Material 

Special Nuclear Material is transported between security areas by armed guards 
utilizing locked security vans. 
the vans and the Plant Protection Central Dispatch Station at all times while material 
is in transit. 
appropriate Plant Protection response procedures will be placed in effec:. 

Wo-way radio communication is maintained between 

In the event of any interruption of the shipment for any reason, 

Low-level nuclear waste material is transported between security areas by the 
Plant trucking service, escorted by armed guards utilizing Plant Protection patrol 
vehicles. 
the measures used for SNH transported in security vans. 

The protective capabilities in effect for those shipments are the same as 

2.12.4 TransporLaGon OffSite 

2.12.4.1 Classified lnformat ion 

Classified documents are transmitted to other facilities through the Document 
Control Department, using DOE- and other government regulatory requirements) desig- 
nated methods, mail chann%ls, and procedures. 

2.12.4.2 Special Nuclear Material 

All shipments of nuclear material are controlled through the Rocky Flats Traffic 
Department. Specific procedures are described in Section 2 - 6 . 1 6 .  

2.12.5 Personnel Security 

2.12.5.1 Access Authoyization 

/- 

All personnel who have access to classified information or nuclear material must 
possess active Security Access Authorizations (clearances). 
tach employee is thoroughly investigated by the Office of Personnel Management or the 
FBI to determine rhe individual's reliability, stability, and character fitness. 
These clearances are reviewed at 5-year intervals. 

Prior to having access, 

The WE'S Albuquerque Safeguards 
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end Security Section reviews all investigatlve results and appropriately grants 
Access Authorizations. 
updated. 

All Access Authorizations are periodically reinvestigated and 

2.12.5.2 Visitor Control 

All visitors to Rocky Flats who require access to classified information and/or 
Special Nuclear Material must have an appropriate visit request submitted through the 
Safeguards and Security Department. 
l e v e l  of security clearance, and the purpose of visit to indicate an official need 
for access. This information is retlected on the individual's visitc r identification 
badge. 

The request must specify the visitation dates, 

2.12.5.3 Security Education 

All personnel are required by DOE to have an initial security indoctrination 
Each employee receives outlining their security responsibilities and job duties. 

recurring security education through various media. 

2.12.5.4 Security Badging Sysiem 

The security badging system is administered by the Safeguards and Security 
Department. Badges are issued to every person entering the Plant to provide a means 
of establishing and verifying identity, the security clearance level held by the 
individual for access to classified information, and the official need for access to 
areas containing nuclear material operations. All ba'dges are prepared by the Access 
Control Office and are accountable. 
according to the person's need and clearance status. 
and are periodically changed according to DOE regulation. 

Badges are color coded and security area coded 
The badges are of unique design 

2.12.6 Plant PrJtection Force 

2.12.6.1 Responsibilities 

I The Plant Protection Force is responsible for 
, ,  

1. Haintaining the integrity of the Plant and its operations against sabotage, 
overt or covert attack, or other damage or harm to the facility 

2. Enforcement of government security regulations pertaining to the pr3tection 
of classified information, nuclear material, and government assets from 
loss, theft, diversion, or other harm 

ranagemen t 

situations 

3. Enfxcement of Plant rules and regulations as set forth by Rocky Flats 

4 .  Provide assistance in the event of national, natural, or local emergency 
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2.12.6.2 Staffing 

The Plant Protection Force has in excess of 100 uniformed personnel to provide 
24-hour protective and administrative service to t4e faciliry. All personnel are on 

continuous call in the event o f  an emergency situation. As additional support, an 
auxiliary force composed crf employees, is also maintained. The Plant Protection 
Central Station s e w e s  as the control point for all operations. 

2.12.6.3 Equipment 

The Plant Protection Force is well equipped to meet any emergeriGy situation or 
hostile threat to the facility. Equipment and facilities include 

1. 

2. 

3. 
4 .  

5. 

6. 

2.12.6.4 

A1 1 

Weaponry, including firearms such as revolvers, rifles, shotguns, and 
automatic weapons. 
Vehicles, jncluding patrol cars, shipment vans. and armored personnel 
carriers. 
Riot equipment, incl'rding helmets, masks. batons, and Leaf gas dispensers. 
Bomb disposal unit, consisting of a cart for removing suspect items and a 
trailer for final disposal. 
Two-way radio communication within the facility and with Jocal law enforce- 
ment agencies. 
On-site pistol and rifle firing range. 

Training 

Plant Protection guards receive ewtensive training with all available wea- 
ponry. All guards w:st fuliill DOE qualjficatinn requirements on the firing range 
prior to being permitked to carry a weapon. In addition, special class an1 field 
training in riot end mob control is provided through the cooperation of the Jefferson 
County Sheriff's Department. 
and Special Weapons and Tactics (SWAT) teams bithin the departrient. 

Volunteer members also comprise Bomb Technician Teams 

2.12.6.5 Plans and Procedures 

All guards Lave specific written orders or guidance to govern their performance 
during normal o?erations. 
special or tebporary conditions relating to their duties during that shift. 

At the start of a shift. guards are Lriefed concerning any 

Plans and procedures related to unusual situations, i-e., ricts, demonstrati-2s. 
terrorist attack, bomb threat, and other emergencies, have been prepared and approved 
to be put into effect as the need may dictate. 
appropriate responsibilities and actions to be taken and are incorpor:.ted into the 
overall Rocky Flats Emergency Plait. 

. $  

These plans and procedures define 
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2.12.7 Technical Security 

2.12.7.1 Responsibilities 

The Technical Security Group is responsible for coordinating the installation 
and maintenance of  security detection and surveillance systems i.e., alarm systems, 
radiometric scanning systems, closed circuit television systems, commsnication systems 
such as telephone and radio, and access control detices such as magnetic cardkey or 
badge reader systems. 

The Technical Security kroup is alsb responsible for performing continuous 
physical and electronic insieriions o f  telephones, conference rooms, public tour 
routes, computer terminal s'_u:ions, and other areas. The purpose is to detect any 
tampering or surreptitious listening devices or electronic emanations that could 
result in espionage, sabotage, or other harm to the facility, thereby disclosing 
classified information to unauthorized persons or jeopardizing nuclear material. 

The Technical Security group also provides support to the Plant engineering 
groups in the design and installation of new security systems. 

2.12.7.2 Security Surveys 

Annually, the entire security program at Rocky Flats is reviewed by a team of 
Albuquerque Headqudrters DOE security representatives. All areas of the security 
program are reviewed for compliance with DOE Headquarters and local directives. 
Surveys typizally address such areas as guard force operations, lighting, alarm 
systems, classified document control and accountability, physical protection of 
calssified materials and special nuclear material, badging and access authorization 
procedures. Formal evaluations are prepared relative to each of these areas o f  
security concern and are discussed in detail with the contractor. Security survey 
reports are forwarded to DOE Headquarters for their review and concurrence. Such 
surveys may include the direct participating of DOE Headquarters security representa- 
tives operating in conjunction with Albuquerque DOE security survey team members. 
Formal surveys are supplemented by day-to-day monitoring activities routinely carried 
out by Rocky Flats DOE Area Office representatives. 

2.12.8 Fire Department 

2.12.8.1 Responsibilities 

As a unit of the Safeguards and Security Department, the Fire Department is 
responsible for 
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1.  Answering any fire alarm and exccinguishing any fire 
2. Performing preventative maintenance inspections of all buildings and areas 

within the Plant for potential fire hazards 
3 .  Ensuring the saintenance ok fire fighting equipment at the Central Fire 

Station and other equipment located throughout the Plant 
4 .  Maintaining the classroom and field education and training program in fire 

fighting techniques, first aid, and other specialized training 
5. Providing mutual aid to surrounding metropolitan communities, if requested 

and approved through the N E  

2.12.8.2 Staffing 

The Fire Department has 25 members who provide 24-hour service on a platoon 
As additional support, volunteer employees in manufacturing buildings schedule. 

comprise Fire Brigades. 

2.12.8.3 Equipment 

The Fire 

1. Two 
2 .  One 
3 .  One 
4 .  One 
5. One 
6. Two 

Department equipment consists of 

pumper trucks 
water tanker truck 
fully equipped ambulance 
fully equipped rescue vehicle 
"brush" truck, used primarily for grass fi:es 
general purpose vehicles. 

Plant buildings are equipped with various types of fire detection and extin- 
guishing equipment. Major buildings are equipped with sprinkler systems. 

c 

2.12.8.4 Training 

All members o f  the Fire Department are continuously receiving training in all 
aspects of fire-fighting techniques, including specCalized methods for radioactive 
material fires. Members are also trained in first aid and as Emergency Medical 
Technicians (EHT) for health and safety purposes related to possible accidents. 

2.12.9 Nuclear Materials Control 
_ .  

2.12.9.1 Material Control System 

Special nuclear materials (SNM) are located in specific areas throughout the 
Plant site. 
observed and recorded. 

Each area is assigned an account number undet: which all transactions are 
The areas are under the management of operating supervisors, 
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custodians, or other individuals responsible for the safety, the use, and the internal 
control of SNM. These individuals verify and report each transfer to or from their 
areas. Materials are controlled within an account in either piece-part or bulk form. 
Serialized items or piece parts are each assigned a unique identification numbcr. 
These numbers are used to aid in the control of SNM. Bulk materials are converted to 
piece parts prior to shipping to another account or before inventory. 
material transfer forms are filled out and signed by the responsible individual 
before each transfer. 
check the correctness of the data and record the transaction; other copies accompany 
the material. Receipts of material are documented by the signGture of the receiver 
who immediately verifies the identification of the material and, in some cases, the 
quantity of SNM. Once more, copies are sent to Material Control Records personnel 
who again verify the data. Thus, through the Material Control operations, all trans- 
fers are checked independently and repeatedly as the material moves through the 
facil i ty . 

Multiple copy 

One copy is sent to Material Control Records personnel who 

Plutonium from other W E  facilities is held in secure arras. This material is 
serially verified and assayed as it is received. All SNM =ear-iements are reported 
to the Nuclear Materials Control Department for proper review and encoding. 
accountability of the special nuclear material removed from a vault during a definite 
time period may be verified by examining the records. 

The 

2.12.9.2 System Monitoring 

Special Nuclear Materials are under continual accountability review. Transactions 
are reviewed to ensure the validity and propriety of material rovement and disposition. 
The accounting system and its methods of operation are outlined in appropriate DOE 
directives Holders of special nuclear materials operate according to established 
written procedures. These are compiled in manuals, are distributed throughout the 
Plant site, and are updated as necessary. The manuals are prepared from DOE direc- 
tives or recommendations and serve as references for guidance in the proper handling 
of special nuclear material. Periodic reviews of the areas are made to ensure *hat 
operations are consistent with established directives and procedures. 

The contractor maintains an internal audit staff whose responsibilities also 
include the review of all system, including special nuclear material control, to 
ensure that operations are conducted efficiently and according to prescribed methods 
and procedures. 

2-254 

I 



2.12.9.3 Material Accountability 

Data Processing System 

c 

/’ 

Information on all DOE-controlled special nuclear materials is maintained in the 
Nuclear Materials Management and Safeguards System (NMHSS). T!:e NMMSS is a DOE 
centralized automatic data processing system that receives and storrs pcrtintnt 
information regarding nuclear materials. The system also provides periodic reports 

for management purposes to a11 W E  organizations in connection with nuclear m d t t . r i d l s  
inventory and financial management programs, nuclear material contract administration 
activities, and safeguards activities. 

Rocky Flats Nuclear Materials Contro_LDrparxnt 

The Rocky Flats Plant Nuclear Materials Control Departlaen1 maintdins i t s  own 
computerized nuclear materials accountability syste-. Outputs from the Kocky F l a t s  

computer are used as input to the NMMSS, which in rcturn provides reports to Hoc-ky 
Flats. All surce and special nuclear materials received at Rocky F l a t s  are subject 
to control by the Plant accountability function. 

A z u n  t ab i 1 i t y S y s t em 

The nuclear materials accountability system consists of a doul>lc-c.ntry accounting 
function utilizing computer storage capabilities for maintaining permaiient rwords of 
all in-plant material activities and account balances. 

The computer is programmed to review all incoming data for t h e  purpose of 
ensuring validity of information and accuracy of item and/or material identification. 
Input incormation incongruent with programmed data is automatically rejected by the 
system and entered on a visual record with an explanation of its urtaccrptdbility. 

Valid discrepancies such as encoding errors may be corrected by members of the 
Nuclear Materials Control Department and reentered into the computer. 

1 

Invalid discrepancies such as incorrect item identifications, inaccurate material 
description codes, and attempts to activate material movement between unauthorized 
areas are investigated and corrected by Plant operating personnel. 

Items subjeci to off-site transfer must be recorded properly in the computer 
storage bariks prior to preparation of the final shipping papers. A list of the parts 
or components to be shipped is tape encoded, introduced to the computer by means of 
the proper program, and a tabulation is made of all pertinent data. Copies are 
forwarded where necessary. 
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Upon shipment, identities of the items shipped and all relevant information are 
removed from the storage banks and transferred to permanent files. Should items oe 

reactivated in the computer storage banks. 
. returned to Rocky Flats for any reason, data may be withdrawn from these files and 

Material Balance Accounts 

Xaterial Balance Accounts are a required part of  &he accountability system. 
Each individual material balance area or account, while independent in itself, is 
part of the overall Plant control system. 
separate accounts always equals, in weight, the total amount reflected by the overall 
Plant control account. 

The aggregate of all material in tne 

Plant-wide movements have no effect on the overall Plant material balances; 
however, internal movement between account area does affect both the sending and 
receiving accounts. 

Differences within single operating accounts resulting from inventories 0.’ 

measLrement of externally received material are activities requiring adjustment o .  
the overall Plant control account. 
external activity to either the control account or to the individual material lalance 
account causes an imbalance that will be detected during the physical inventory 
reconciliation. 

Failure on the part of the accountant to pcst 

i 
, I  

On a periodic basis, special nuclear materials are physically inventoried to 
verify the actual amount of material on hand versus the amount shown through accounting 
procedures and records to be 0.1 hand. The Physical Inventory is the quantity of 
nuclear material determined to be on hand by physically ascertaining its presence 
using techniques that include sampling, weighing, and analysis. The Book Inv, ntory 
i s  the quantity of nuclear material reflected by accounting records such as general 
and subsidiary ledgers. 
the beginning physical inventory adjusted for receipts and removals for a given 
reporting period. The Inventory Difference (ID) is the algebraic difference between 
the nuclear mbterial Look Inventor; (BI, and the Physical Inventory (PI); i.e., 
ID=BI-PI. Inventory Difference (ID) was formerly referred to as Book Physical Inven- 
tory Difference (BPID) and Material Gnaccounted For (MUF). Problems may arise in 
this area because of  the difficulty in accomplishing an accurate physical inventory. 
The conditions of material resulting from processing, errors in measurement, and many 
other circumstances can cause problems that are manifested in apparent material 
shortages or gains. The ID figures do not represent stolen or diverted special 
nuclear materials but do require investigation. 
causes line and tank SNM holdups that are difficult to measure. Representative 
samples and reliable assays are difficult to obtain for heterogeneous materials. 
multitude of material measurements, each with a degree of  error, can cause differences 
that  contribute to an overall ID shortage or gain. 

In nucledr materials accounting, it has historically been 

The processing of materials often 

The 
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Oxides and fine heterogeneous residues 
Collecting homogeneous samples for reliable 
Variations in material quantities caused by 
Nuclear Material Control Department and are 
standards. 

are normal to some processing operations. 
measurement is extremely difficult. 
such conditions are investigated by the 
evaluated against statistically determined 

Any differences between the book and physical inventories are investigated by 
the Nuclear Materials Control Department and reconciled by Plant supervisors, custo- 
dians, or account holders by review of the circumstances. . 

Quality Control Heasurement Data 

The Standards Laboratory is responsible for ensuring the accuracy of instruments 
and/or methods used for measuring special nuclear material. 
composed of technicians who continually monitor the devices and methods employed, and 
evaluate the accuracy of each. Its functions are as follows: 

This department is 

1. Methods used by service laboratories for analyzing samples containin: 
special nuclear materials are tested regularly with compounds of known or 
synthesized composition. 

accuracy against "standards" of established value prepared especially for 
use with each method. 

2.  Specific instruments used for nondestructive measuring are tested €or 

Heasurement control programs are in effect for all measurement systems utilized 
for inventory and accountability o f  special nuclear materials at Rocky Flats. 
Measurement control programs are as follows: 

1.  

2 .  

3. 

4 .  

5. 

6. 

Scales and balances are maintained in good working condition and are rou- 
tinely calibrated in compliance with an established program. 
Anaiytical quality control programs for routine data are analyzed statisti- 
cally to determine and maintain accuracy and precision of the methods. 
Key sample variability control programs are cairied out to determine the 
uncertainty associated with sampling methods. 
Control programs for volume, temperature, and pressure measurements are in 
effect to maintain precision and accuracy. Routine checks of calibration 
are also made. 
Calibration programs for non-destructive assay (NDA) measurements are 
maintained. Non-destructive assay equipment is calibrated with appropriate 
standards and is monitored periodically to ensure proper functioning within 
established control limits. 
Sample Exchange Programs are carried out between laboratories and facili- 
ties to assure that analytical results are at the current state of the art. 
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7 .  Inventory Weight Verification Programs are maintained by the Nuclear 
Materials Control group to determine, on a statistical basis, that weighed 
items reported on inventory are correct. 

Inventories 

Special Nuclear Haterials are physicarly inventoried at Rocky Flats monthly, 
with th* exception of a few approved vault storage areas and Chemical Recovery areas 
which are inventoried quarterly. Normally one day is required for cleanup and a 
second day to record the physical inventory. 
(HBAj is shut down, cleaned, and the SNH material is measured and recorded on physi- 
cal inventory sheets by the HBA supervisor or his designated custodian. 
over 130 individual MBA's in existence for reporting into the Nuclear Materials 
Control System. 

Each material balance account or area 

There are 

Each individu part, piece. unit, or batch has a unique identification number 
that must be reported along w i t h  type of material, description, net weight, assay, 
element weight. isotopes (where required), and isozopic weight (where required). 
physical inventory is encoded on magnetic tape and introduced into a sophisticated 
computerized system that maintains a perpetual book inventory in the data base. 

The 

Each item identification number physically inventoried is matched to  the perpetual 
book inventory. 
Control Accountants. 
following the physical inventory. 

Any unmatched items are reconciled by trained Nuclear Material 
All items are normally accounted for within three working days 

After possession of individual items has been verified, physical inventory 
weights are compared to the computer perpetual inventory weights, and inventory 
differences (ID) are determined by utilization of the ba.;ic balance formula = Beginning 
Inventory (BI) + Receipts (R) - Shipments (S) - Ending Inventory (EL) = Inventory 
Difference (?I)). 
days following physical inventory. Inventory differehces may occur for the following 
reasons : 

_Type of Icventory Difference Explanation 

Inventory differences are routinely obtained within five working 

I 

1.  Weasurement of material Inventory Differences that result from changes in 
in process (this item material form between measurements involved in an 
accounts for the largest inventory balance. Causes of these differences 
amount of the total can be 
cumulative Inventory a. Substitution of measured values for values 
Difference) based on calculations. 

b. Measurements made after materials separation 
from impurities. 
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Type of Inventory Difference 

2.  Remeasurement of items 
on inventory 

3. Process holdup 
differences 

4 .  pipment holdup 
-:xfferences 

5.  Measurement 
edjustments 

6. Rounding 

7 .  Recording and - _  
reporting errors 

8. Shipper-receiver 
aojustments 

Explanation 

Inventory Differences that result from remeasure- 
ment during an inventory of material quantities 
previously reported. Causes of these differences 
can be 
a. Improved measurement equipment 
b. Use of differtTt measurement methods 
c .  Human errors in making measurement 

Differdnces (between present and previous report- 
ing periods) on material holdup quantities that 
are part of the flow or process and subject to 
cl eanou t . 
Differences (between present and previous r-eport- 
ing periods) on material holdup quantities that 
are part o f  the processing equipment or are diffi- 
cult to remove. 

Differences brought about by improved measurement 
quality control and calibration programs. An 
example is the detection of a previously unknown 
bias in a measuring device. 

Accumulated fractional differences due to mathe- 
matical rounding of values to fit required formats 
and reporting units. 

Differences attributed to recording and reporting 
errors such as arithmetic errors, data transdssion 
errors, and transposition errors. 

Differences resulting from adjustments made by the 
receiver o f  quantities originally reported at the 
shippers’ values. These differences occur because 
of measurements made by different instruments by 
different faci 1 i ties. 

Inventory differences greater than 
Security personnel. Process operations 
reconciliations can be made. 

the control limits alert Safeguards and 
in the Material Balance Account cease until 
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The Nuclear Haterials Control System for current batch accountability will be 
replaced during 1979. 
input from process areas. 
a daily basis. 
Flats since the start of operation will be integrated in the near real tine system. 

The new system will be a near real time system with terminal 
This system will provide updated material book balances on 

The same double entry accounting procedures in existence at Rocky 

Reporting 

Summary reports o f  special nuclear material activity and inventories are rou- 
tinely forwarded to DOE and to the contractor management after the physical inven- 
tories are completed and the accounts are closed. 

All reports are prepared and submitted by Nuclear Materials Control Department 
members. These reports reflect the composition of ending inventories, account adjust- 
ments, and material activity between the Rocky Flats Plant and other DOE contractors 
and Nuclear Regulatory Comruission (NRC) licensees. 

*'ai sals 

Twice yearly, the Rocky F l a t s  nuclear materials control and management systems 
are subject to appraisal by survey teams from the Albuquerque Operations Office of  
DOE. These appraisals consist of audits of the material accounting system. This 
includes invenrory verification, determination of accuracies in the facilities records 
and reports plus review of measurement programs, analytical capabilities, scale and 
balance programs, calibration programs, sampling procedures and statistical methods. 
These audits also involve a review of the materials management program, including the 
forecasting, utilization and control procedures f o r  nuclear material. The effective- 
ness of these ALO appraisals is assessed by WE Headquarters. 
of routine reviews of reports of the ALO surveys and may include direct participation 
with the ALO survey team at Rocky Flats. 

This assessment consists 

Safeguards Committee 

The Rocky Flats Plant Safeguards Committee is composed of top-line managers who 
periodically examine the effectiveness of safeguards and security methods. 
conmrittee recommends or directs changes, corrections, improvements, modification, or 
complete installation of new measures if conditions so merit. They revlew all areas 
and methods relative to the physical protection of the Plant, the adequacy of SNM 

storage vaults, and the evaluation of monitoring systems. The committee investigates 
any circumstance bearing on the safeguards and security of nuclear material. 

The 



2.13 REFERENCES 

ACGIH. Industrial Ventilation. A Manual of Recommended Practice. American Conference 
Of Governmental Industrial Hygienists. 1974. 

A?X. Investigation of the Tritium Release Occurrence at the Rocky Flats Plant. U.S. 
Atomic Energy Commission. November 26, 1973. 

Ackermann, H.D. 
Resistivity Investigations at Rocky Flats, Jefferson County, Colorado." Journal of Re- 
search, U.S. Geological Survey v. 2, no. 4, pp. 421-430. 

Amen, A.E.; H. Sprock; and D. Lofstedt. Jefferson Count Soil Surve . U.S. Department 
of Agriculture, Soil Conservation Service, Gold en, Coloz-eport per Rockwell 
International request. December 18, 1975. * 

Amuedo and Ivey. 
sources, Jefferson County, Colorado. Amuedo and Ivey, Consulting Georogists, Denver, 
tolorado, (repsrt prepared for the County of Jefferson of the cit! 7 of Arvada, Golden, 
and Lakewood, Colorado). 1978. 

Anspaugh, L.R.; P. L. Phelps; N. C. Kennedy; H. C. Booth; R. W. Goluba; J. R. Reich- 
man; and J. S.  Koval. Resus ension of Plutonium: A Pro ress Re ort. UCRL-75484. 
Lawrence Livermore Labo&ivermore , California. 
Arthur, W. John, 111. "Plutonium Intake by Mule Deer at Rocky Flats, Colorado." HS 
Thesis. Colorado State Univ., Ft. Collins, Colorado. USERDA Contract No. li(l1-1)- 
1156. 1977. 

Austin Company. 
the United States Atomic Energy Commission on the Location and Site for Project' 
Apple. " Harch 27 , 1951. 
Bedgley, P.C. "Tectonic Relationships of Central Colorado, in Guide to the Geology 
of Colorado., Weimer, R.J., and Haun, J.D. (eds.). Geological Society of America, 
Rocky Hountain Association of Geologists, Colorado Scientific Society, pp. 165-169. 
1960. 

Baker, V.R. "Paleosol Development in Quaternary Alluvium Near Golden, Colorado." 
The Hountain Geologist. v. 10, no. 4, pp. 127-133. 1973. 

Baker, V.R. 
Colorado." Quaternary Research. v. 4, pp. 94-112. 1974. 

"Shallcw Seismic Compressional and Shear Wave Refraction and Electrical 

July-August, 1974. 

Coal and Clay Mine Hazard Study and Estimated Unmined Coal Re- 

F'2bruary P9, 1974. 

"Engineering Survey and Report for Santa Fe Operations Office of 

"Paleohydraulic Interpretation of Quaternary Alluvium Near Golden, 

Bayliss, D.L. Bayliss Report I. National Institute of Occupational Safety and 
Health. Washington, D.C. 197T. 

Bayliss, D.L. Bayliss Report 11. National Institute of Occupational Safety and 
Health. Washington, D.C. lm 

I 

Bayliss, D.L. Bayliss Report 111. National Institute of Occupational Safety and 
Healtb. Washington, D.C. 1913. 

Behrendt, J.C.  and L. Y. Bajwa'Bou uer Gravity Map of Colorado. U.S. Geological 
Survey open-file map, Scale 1:5&0. 1972. 

Berg, R.G. 
County, Colorado." 
4 6 ,  no. 5, pp. 704-7U7. 1962. 

"Subsurface Interpretation of Golden Fault at Soda Lakes, Jefferson, 
Bulletin of the American Association of Petroleum Geologists. v .  

Blume, J.A.  Seismic and Geologic Investigations and Desi n Criteria for Rocky Flats 
Plutonium Recovery and Waste Treatment Facirlt . 
bsociates, Engineers, San Francisco, C a d a .  Jgitembe:1i972. 

-#+- John A. Blue bc 

2-261 



I 

I 

Blue, J.A. Seismic and Geologic Investigations and Design Criteria for Rock Flats 

Assoc'iates, Enginzers: San Francisco, Cali fArnfa. JSeEtembe:1i972;hrevised June 1974. 
Plutonium Recover an Waste Treatment Faci it . AB -CFB- Jo n A. B+ - 
Boos, C. M. and M. F. Boos. "Tectonics of Eastern Flank and Foothills of Front Range, 
Colorado." Am. Assoc. Petroleum Geologists Bulletin, Vol. 41, pp. 2603-2676. 
December 1957. 

Branson, F.A.; Miller, R.F.; McQueen, I.S. "Effects of Two Kinds of Geologic Materials 
on Plant Communities and Soil Moisture in Forage Plant Physiology and Soil-Range 
Relationships." Am. SOC. Agronomy, Spec. Pub. 5. pp. 165-175. 1964. 

Caine, N. "The Significance of Frost Action and Surface Soil Characteristics to Wind 
Erosion at Rocky Flats, Colorado - Final Report." COO-2517-4. Institute of Arctic 
and Alpine Research, University of Colorado, Boulder. Colorado. USDOE Contract No. 
EY-76-S-02-2517. September, 1978. 

Chase, G.H. and J. A. McConaghy 
Area, Colorado. U . S .  Geological Survey, Misc. Geological Map 1-731. 1972. 

Cholok, J. "The Analysis of Traces of Beryllium." American Medical Association 
Archives of Industrial Health v. 19, p. 205. 1959. 

CDH. USAEC Rocky Flats Plant, 1972 Environmental Surveillance Summar Re ort. 
ColoradoDepartment of Health, Division of Occupational and Radiologizal $earth. 
1972. 

Generalized Surficial Geologic Map of the Denver 

CDH. &AEC Rock Flats Plant 1973 Environmental Surveillance Summar Report. 
ColoraFDepartmznt of Health: Division of Occupationzl and Radiologizal Hcalth. 
1973. 

CDH. USAEC Rocky Flats Plant, 1974 Environmental Surveillance Summary Report. 
Colorado Department of Health, Division of Occupational and Radiologjcal Hearth. 
1974. 

CDH. A Risk Evaluation for the Colorado Plutonium-In-Soil Standards. Colorado 
Department of Health. January 1976. 

CDH. Factors, Equations, Considerations Used in Selectin the Protective Action 
Guide for the State of Colorado, Rocky Flats Emergency ReEponse Plan. (draft) June, 
917, 

CDODES. Radiolo ical Emer enc Response Plan For Rocky Flats. Colorado Division of 
Disaster Emergen:y Service;. h>uary, m9. 
Colorado State Board of Health. 
Control. April 1978. 

%e; arc2 Regulations Pertaining to Radiation 

Clark, S.J.V. The Ve etation o f  Rock Flats Colorado. MA TLesis, Unidersity of 
Colorado, B o u l d d o r a d o .  

Colton, R.B. and R. L. Lowrie. Map Showing Mined Areas of the Boulder- 
Weld Coalfield, Colorado. Survey, Map MF-513. 1973. 

CorbCtt, H . K .  "Tertiary Volcanism of the Specimen-Lulu-Iron Mountain, North- 
Central Colorado." Colorado School of Mines Quarterly. v. 63, no. 3, pp. 1-9. 
1968. 

USERDA zontrac; No. Em -1-23711, 1977. 

Crow, L.W. Characteristic Airflow Patterns Near Rock Flats Plant and Their Relarion- 
ship to Metropolitan Denver. 
p d i x  B of this Draft Environmental Impact Statement). 
December i6, 1974. 

Prepared for Dow-C'hemicz; U.S.A.,  Rocky Flats Division, 

Davis, T.L. Rocky Flats Reflection Seismic Pro'ect. Colcrado School of Mines, 
Department of Geophysics, Gold en, Colorado, p. $1 .  1976. 

2-262 



i 
/ 

I 
3 

DRCOG. 
Boulder-Weld coal field, Colorado. U.S. Geological Survey Misc. Field Studies Hap 
HF-513. 1972. 

Ce Voto, R.H. "Quaternary History of the docky Mountain Arsenal and Environs, Adams 
County, Colorado." 
113-127. 1968. 

Denver Regional Council of Governments. Hap showing mined areas o f  the 

Quarterly of the Colorado School of Mines. v. 63, no. 1 ,  pp. 

Docekal, J. 

D o w  Chemical Annual Report: Environmental Saieguard '71. RFP-ENV-71B. Rocky Flats 
Diva, Gold en, Colorado. 

Dow Chemical Annual Environmental Moatoring Reeos. RFP-ENV-72. Rocky Flats Div., 
blden, Colorado. April 13, 1973. 

Dow Chemical Annual Environmental Monitoring Report. RFP-ENV-73. Rocky Flats Div., 
blden, Colorado. April 26, 1974. 

Dow Chemical Annual Environmental Monitoring Report. RFP-ENV-74. Rock) Flats Div., 

DRCOG. COGNOTATIONS. Denver Regional Council of Governments. Denver, Colorado. 
August, 1917. 

ESI. An Engineering Study for Water Control and Recycle. Engineering-Science, L n c . ,  

Earthquakes of the Stable Interior with Emphasis on the Hid-Continent. 
PhD Thesis, University of Nebraska, Lincoln, Nebraska. vol. 1 & 2 r P. 551. 1970. 

March r 1 9 7 2 .  

Austin, Texas. Prepared under USAEC Contract AT ~(29 -2)-3413. July 1974. 

Epis R.C. and C. E. Chapin. "Geomorphic and Tectonic Implications o f  the Post- 
Laramide, Late Eocene Erosion Surface in the Southern Rocky Mountains," in Cenozoic 
History of the Southern Rocky Mountains, CUIL~E, B. F. (ed.) Geological S o m y o f  
America, Memoir 1 4 4 ,  pp. 45-74. 1975. 

Evans, D.H. Van-made Earthquakes in Denver." Geotimes. v. 10, no. 9 ,  pp. 11-18. 
1966. 

Fenneman, N . M .  Physiography of Wesrern United States. McGraw-Hill Book Company, New 
York. p. 534. 2931. 

Finley, E.A.; Dobbin, C.E.; Richardson, E.E. Preliminary Structure Contour Ma 
of the Colorado Plains. U.S. Geological Survey map OM-176 , Scale 1:500,000. €955. 

Geiger, R.A. and T.F. Winsor. 
Flats Plant Site. Health Physics v. 33, p. 145. 1?77. 

239Pu Contamination in Snakes inhabiting the Rocky 

Grose, L.T. "Tectonics." Geologic Atlas of the Rocky Mountain R e g s .  Rocky Mcm- 
tain Association of Geologists. pp. 35-44. 1972. 

Hadsell, F.A. "History o f  Earthquake Activity in Colorado." from Geophysical and 
Geological Studies of the Relationship Between the Denver Earthquakes and the Rocky 
Hountain Arsenal Well, Part A (J. C. Hollister and R. J. Weimer, editors). Quarterl. 
o f  the Colorado School of Mines, v. 63, no. 1. January 1968. 

Harms, J.C. 
v.  1, no. 3, pp. 93-101. 1964. 

"Structural History o f  the Southern Front Range." Mountain GeologisL. 

Hart, S.S. 
Colorado." Colorado Geological Survey, Environmental Geology no. 7 .  1974. 

Haun, J.D. and H. C. Kent. "Geologic History o f  Rocky Mountain Region." Bulletin of 
the American Association of Petroleum Geologists v. 49, pp. 1781-1800. November 

"Potentially Swelling Soil and Rock in the Front Range Urban Corridor, 

65. 



Healy, J.H. et al., Geobh sical and Ceolo ical lnvesti ations Relatin to the Earth- 
akes in the Denver area,'Colorado. 
66. 

U.S.gGeological S:rvey, Open-Fil: Report. 

Healy, J. W. "Pickup of Particles from the Ground and Downwind Dispersion--General 
Resuspension." A Pro osed lnterim Standard for Plutonium in Soils, pp. 30-53. 
U-5483-MS. Los AlamZs Scientific Laboratory, Los Alamos, New flexico. January 1974. 
Hiatt, Gregory S. Plutonium Dis ersal b Hule Deer at Rock Flats Colorado. HS 
Thesis. Colorado State U n i v e w C o l l i n s ,  Prepaked under the ERDA 
Contract No. E(11-11-1156. 1977. 

Hoblitt, R. and E. Larson. "Paleomagnetic and Geochronologic Data Bearing on the 
Structural Evolution of the Northeastern Margin of the Front Range, Colorado." 
Geological Society of America Bulletin. v. 86, pp. 237-242. 1975. 

Holliday. Ceotechnical Services Pro osed and Existin Landfills Do', Chemical R o c 3  
ilats Plant Near Gold en, Color&. VEoduard-Clevengerg& AssociatAs, ini., ConsuEing 
Engineers and Geologists, Denver, Colorado. January 1 7 ,  1974. 
Hunt, C.B.  "Pleistocene and Recent Deposits in the Denver Area, Colorado." 
Geological Survey Bulletin. 996-C, p. 4 9 .  1954. 

Hurr, R. T. H drolo of a Nuclear-Processin Plant Site Rock Flats Jefferson 
County, ColoraYdo. Ozc-File Report 76-268. 
Harch 1316. 

E. S. Geological Sxrvey, benver, CoTarado. 
Izett, G.A. "Late Cenozoic Sedimentation and Deformation in Northern Colorado a1.d 
Adjoining Areas", in Cenozoic History of the Southern Rocky Mountains. Curtis, B.F. 
(ed.). Geological Society of America, Memoir 144 ,  pp. 179-209. 191>. 

Johnson. C.J. et a].. "Plutonium Hazard in Respirable Dust on the Surface of Soil." 
Science, vol. 193, pp 488-49C. August 6,  1976. 

Johnson, J.E.; S .  Svalberg; and D. Paine. Stud of Plutonium in Aquatic Systems o f  
the Rock Fldt.: Environs Final Iechnical Re or:. o ora c) State University, aepart- 
n d A X 1  Ences'and Radiology and Rgdiatio: iioitgy, Fort Collins , Colqrado. 
June 1974. 

Kathten, R. L. Towards Interim Acce table Surface Contamination Levels for Environ- 
mental PuO,. BNW-SA-1510 , Battell<--Pacific Northwest Laborarory, Richland, Wash- 

L 

i n g t o n ;  a so appears as article in proceedings of a symposium in S 
cal Proteftion of the Public in a Nuclear Mass Disaster. 

osium Radiologi- 
Interlag: Switzerland. . Hay 26 through June 1, 1968. - 

PP. 460-470 
Kirkham, R.H. "Quaternary Movements on the Golden Fault, Colorado." Geology. v .  
5 ,  pp. 689-692. 1977. 

Kirkha, R.M. and W. P. Rogers. Earth uake Potential in Colorado. Colorado Geological 
1 Survey, Open-File Report. p.  131* 
I 

Klement, A.  W., J r . ;  C. R. Miller; R. P. Minx; and B. Shleien. Estimates o f  Ionizing 
Radiation Doses in the UniHStates 1960-2000. 
Environmental Protection Agencmclville, Maryland, 1972. 

EPA Report O R P / M - l .  U. S. 

Krey, P. W. 
p. 117. 1974 

"Plutonium-239 Contamination in the Denver Area." Health Physics v. 26. 

Krey, P. W. and E. P. Hardy. Plutonium in Soil Around the Rock Flats Plant. HAsc-235. 
U. S. Atomic Energy Commission, Health and Srety Laboratory, N z w  York, New York. 
August 1, 1970. 

Krey, P. W. and B. T. Krajewski. Fallout 
Program, Quarterly Stmuary Report. HASL-249. U.S. Atomic Energy Commission, H e a l t h  
and Safety Laborstory, New York, New York. 

"Plutonium Isotopic Ratios at Rocky Flats." 

April I ,  1972. 

2-264 



trey, P.W.; E.P. Harey: H. Volchok; J. Toonkel; R. Knutt,; 9. Copper; and T. Tamura. 
Plutoirium and Americium Contamination in Xocky Flats Soil-1973. icIsL-3G4. Energy 
hesearc h aKd-OevXp:iZiC Adm i ii, 5; rZtTo5; Hea 1 t Ti cr.d'Sa Gc>-L.i%ora tory, New York , New 
York. Xarch 117b. 

Krivoy. H. L.  dnd H.P. Lane. Record_ed_S_qismic Act ivity-prior to  1962. Geophysical and 
geolcgicai invest igar ions reratiiig to e a r T L q u i L s  in tfie-bGKveFZFea, Coloradv. U.S. 
Geological Survey Open-Fi!e Report. 1966. 

Lackey, J . G . ;  E. S ,  Jones; and H. A.  Wollenberg. Summary of won- 
Nuclear Remote Sensing d t  the Rock6Fldts Site and Status of Analysts of Geolo ica! and Hydrolo; 
_____I tors -7?-TV75-%rbu&~~ei;cmb~ 75.--ASD-76-b0T1 E M T f i c . ,  Lz-Vxas, %&add. 
.-*.wary ~b 
Litrie. C.A. Prutonium in a Grassland Ecosystrm. PhD Thesis.  Colorado State Uni- 
versity, Fi, ~ o i t - ~ ~ o r a d o . ' I ~ ~ - ~ n r r a c r - N o .  E(ll-l)-llS6. 1976. 

Little. C .A .  and F.W. khicker. I_~u~mium_D~st ri_hution_-I_n_Rockycyats Soil. Health 
Physics v. 34. p. 451. 1978. 

Lord. Subsurface l n v e s t i g a ~ ~ ~ n l _ r o p _ o _ s e d _ B u r  ldingkE+ 08 and No. 95 Hock Flats 
Qh2i57~. 3. L o r n  ASSOC iates. Inc., Pcc2dc-r. LoTiirZ&.--&Eif 1- 

Lovering, '1. S and E. N. Gaddard. 
.- r.+. C.S .  Geological Survey h-ofc:LiTikf'Tiper 227. T450.----- 

Ceo 3 -{ and-Ore Drpc,sitc of the Front Range Colo- 

Lowell, J.U. "Plate Tectonics and Foreland Rasemcnt Def!. .rat ion." Geology. 
V. 2 .  pp. 275-273. 1974. 

Hachetre, H.N. Geologic map of the Lafayrtte Quadrangle. Adams. Boulder, .and 
Jefferson Counties. Colorado. U.S. Geological Survey Wisc. Field Studies Hap 

Hachette. M . N . ;  P. W. Birkelarid; G. Markos; and M . J .  Cucciones. "Soil Development in 
Quaternary Deposits ir.  the Golden-Boulder Portion of the Colorado Piedmont." in 
Professional Contributions of Colorddo Szhool of Mines. No. 8. Studits in Colozado F i e 2  
G&og]~. Epis. R . C . ;  and Weimer. P.3. (eds). pp. 339-357. 1976;-'---- 

Xajor,  X.W. and R.B. Simor. "A Seismic Study of the Denver (Derby) Earthquakes." 
@arterl-y of the Colcrado School_ofMj_n_eg. v. 63, no. 1,  pp. 9-56. 1968. 

Pfaldr. It. E. "Surficiai Geology of  the Louisville Qurndrang!e, Colorado." U.S. Geo- 
%Aical Survey Bulletin 990-E. pp. 213-257. 1955. 

Malde, H.E. and R. Van Horn. "Stratigraphy, Soils and Ceomorpbology of the noriglacia1 
Quaternary Deposits Between Boulder and Golden. Colorado. Trip 3 ,  in Guidebook for 
One-6ayField Conferences, Boulde~+re- _Col~.-adO. 
OZafernarF Ke%eTrcE,T%-Gng.-; U.S. 4 .  , Lincofi. Yebraska., Nebrzska Academy of 
Science, pp. 40-47. 1965. 

Hancuso. T.F.' 
Respiratory Cancer Among Beryl I i m  Workers." Envltves., V .  3, pp. 251-275. 1970. 

Uarr, J. W. Natural Histoq-of the Boulder 
A s g .  H. C. Rodeck, editor. University of C o l o r a d o - ~ ~ [ i s e ~ e ~ n e t 7 R 3 .  August r964. 

Hartell. E. P.. and S .  E. Poet. "Plutonium-239 and Americium-241 Contaminacion in the 
Denver Area." Health Physic? v.  23, p. 537. October 1972. 

R F - 6 5 6 .  1975. 

International Association 

"Relation of Duration of Employment and Prior Respiratory Illness to 

"The Vegetation o f  the Boulder Area." 

Uartin, C. A. "Denver gasin." 8ulletin of the American Association o f  Petroleum 
Geologists. v 4 9 .  no. 1 1 .  pp. 19%!T-TJE.~E 

2-265 



. .  

\ - 
KcDonald, J 
Flats Site, 
Texas. JUT 

. ,  

-- 

I 

R.  and J. E. Mincr. 
:olorado. 

Develo ment of a Desi n Basis Tornado for the Rocky 
McDonIZd, t l d d  Minor; Constlting Engineers; Lubbock; 

HcGee, C. D. Final Re ort on Virus Sam lin ProRram. The Carborundum Company, 
Niagara Falls ,d. D e c e m b d m g  

Heroney, R. N. and F. H. Chaudhry. Wind Tunnel Site Anal sis of Dow Chemical Faeilit 
at Rock Flats, Colorado. CER71-72RNM-F - olorado S:ate University, C d  
EngineeYring, Fort Collins. Colorado. Ha; ?:j2.' 
Heroney, R. N.; J. A. Peterka; and T .  G. Hoot. Wind Tunnel Site Anal sis of Daw 

rad0 State Univezsity, Coflege of Engineering, Fott Coflins. Co10rado.TGia:,6h 1g73. 
Chemical Facilit at Rock Flats, Colorado, Part . E R m R W 3 A P :  - olo- 

Honey, N.R. "A Seismic Investigation of  the :orth Golden Area, Jefferson County, 
Colorado." Colorado School of Mines, 3. S. Thesi? T-1849. pp. 1-9, 29-56. 1977. 

Noreland, D.C. and R.E. Moreland. "Soil Survey cf the Boulder County Area, Colorado." 
Washington, D.C., U.S. Department of Agriculture, Soil Conservation Service, 
Cartographic Division, p.  86. Range, Wyoming and Colorado, Weimer, R.J., and 
H a m ,  J.D. (eds.). 1975. 

Murray, D.F., "Gravel Mounds at Rocky Flats, Colorado." 
V .  4 ,  pp. 99-107. January 1967. 

The Mountain Geologist, 

Naesser, C.W.; Izett, G.A. and Wilcox, R.E. "Zircon Fission-Track Ages of Pearlette 
Family Ash Beds in Meade County, Kansas." Geology. U .  1, pp. 187-189. 1973. 

NAS. "The Effects on PoDulations of ExDosure to Low Levels of Ionizine Radiation." 
Y Report of the Advisory Cbmmittee on the' Bi-ical Effect? of Ionizing Radiation 

nEIR Report). National Acadernv of Sciences. National Research Council. Washine- - ton, D.C-. November 1972.  

NFPA. Fire Protection Handbook, Thirteenth Edition. National Fire Protection Asso- 
ciation. Boston, Massachusetts. 1963. 

Oliveira, R.B.B. ed. "Exploration for Buried Channels'hy Shallow Seismic Refrac- 
tion and Resistivity and Determination of Elastic Properties at Rocky Flats, 
Jefferson County, Colorado." Golden, Colorado School of Mines, unpublished 
H.S. Thesis T-1718. p.  131. 1975. 

Osterwald, F.W.; Bennetti, J.B. and Dunrud, C.R. "Preliminary Investigation of 
Seismic Tremors in the General Area of the Leyden Coal Mine-Gas Storage Reservoir, 
Colorado." U.S. Geological Survey Open-File Report. p. 23 1973. 

Pan, P.H. "The 1962 Earthquakes and Microearthquakes near Derby, Colorado." 
Unpublished H. 5. Thesis, No. T-798. Colorado School of Mines. p. 73. 1963. 

Pasquill, F.  "The Estimation of the Dispersion of Windborne Materials." The Meteoro- 
logical Mqazine. February 1961. 

Pautz, M. E. (editor). Severe Local Storm Occurrences, 1955-1962. ESSSA Technical 
Hemorandm WBTM FCST 12.- ice of Meteorological Operations, ueather Analysis and 
Prediction Division, Silver Spring, Maryland. 1969. 

Quick, H. F. "Survey of the Mammals." Natural History of the Boulder Area. 
H. G .  Rodeck, editor. University of Colorado Museum Leatlet 813. August 1964. 

Reiter, E. R. Report on Tornado Characteristics and Strong Winds in the Platteville- 
Fort S t .  Vrain Area. Colorado State University, Department of Atmospheric Science, 
-o&?ado. March 31, 1967. 

2-266 

Reynolds, R.L. "Paleomagnetism of the Yellowsrone Tuffs and Their Associated 
' 1  Air-Fall Ashes." Ph.D. Thesis. University of Colorado, Boulder, CO. p. 268. 1975. 



. -  

RI. 
Rockw%l International, Rocky Flats Plant, Golden, C o l w .  

RI. Rockwell International Security Manual. Rockwell International, Rocky Flats 
Plant, Golden, Colorado. 1976. 

RI. Health, Safety, and Environment Manual. Rockwell International, Rocky Flats 
Plant, Golden, Colorado. 1976. 

RX. Annual Report: Environmental Safeguard '71. RFP-ENV-7lB. Dow Chemical U.S .A . ,  
Rocky Flats Division, Golden, Colorado. March 10, 1972. 

uality Program Plan, Radioactive Material Packaging, Shipping, and Transportation. 

RI. Annual Environmental Monitorin Re ort. RFP-ENV-72. Dow Chemical U.S.A., 
Rockymats Division, Golden, Colortdo.' April 13, 1973. 

R1. Annual Environmental Monitoring Report. RFP-ENV-73. Dow Chemical U.S.A., 
Rocky Flats Division, Golden, Colorado. April 26, 1974. 

RI. Annual Environmental Monitoring Report. RFP-ENV-74. Dow Chemical U.S .A . ,  
Rocky Flats Division, Golden, Colorado. April 30, 1975. 

RI. Annual Environmental Monitorin Report. XFP-ENg-75. Rockwell International, Rocky 
Flats Plant, Golden, Colorado. Maygll, 1476. I 

R1. Annual Environmental Monitoring Report. RFP-ENV-76. Rockwell International, Rocky 
Flats Plant, Golden, Colorado. May 6,  19n. 

RI. Annual Environmotal Monitoring Report. RFP-ENV-77. Rockwell International, Rocky 
Flats Plant, Golden, Colorado. April 25,  1978. 

Rogers, W. P.; L. R. Ludwig; A. L. Hornbaker; S .  D. Schwochov; S. S. Hart; D. C. Shel- 
ton; D. L. Scroggs; and J. M. Soule. "Guidelines and Criteria for Identification and 
Land-Use Controls of Geologic Hazard and Mineral Resource Areas." 
cal Survey. Special Publication No. 6. 1974. 

Colorado Geologi- 

Ross, W.  D. and R .  E. Sievers. "Environmental Air Analysis for Ultratrace Concentra- 
tions of Beryllium by Gas Chromatography." 
p.  155. February 1Y72. 

Environmental Science and Technology v. 6, 

Scopel, L.J. "Pressure Injection Disposal Well, Rocky Mountain Arsenal, Denver, 
Colorado." Mountain G e o l o u .  v. 1, no. 1, pp. 35-41. 1964. 

Scott, G.R. "Quaternary sequence east of the Front Range Near Denver, Colorado," 
in Guide to the Geolo of Colorado. Weimer, R.J., and Haun, J.D. (eds.). 
Geological Society of gerica, Rocky Mountain Association of Geologists, Colorado 
Scientific Society, pp. 206-211. 1960. 

Scott, G. R. Quaternar Geology and Geomorphic History of the Kassler Quadrangle, 
Colorado. U.S. Geol. Szrvay Prof. Paper 421-A. 1963. 

Scott, G.R. 
tains." in The Quaternary of the United States. 
pp- 243-254. 1965. 

"Nonglacial Quaternary Geology of the South*rn and Middle Rocky Houn- 
Princeton University Press. 

Scott, G.R. "Quaternary Faulting and Potential Earthquakes in East-Central Colorado." 
U.S. Geological Survey Professional Paper 700-C. pp. Cll-C18. 1970. 

Scott, G. R. Geologic Map of the Morrison Quadrangle, Jefferson County, Colorado. 
U.S. Geol. Survey Misc. Geol. Field Inv. Map I-790-A. 1972. 

Scott, C.R. "Cenozoic surfaces and deposits in the Southern Rocky Mountains." 
in Cenozoic Histor of the Southern Rock Mountains. Curtis, B.F. (ed.). Ceo- 
logical Society of'hierica, Memoir 144. 'pp. 22 m a .  1975. 

2-267 



- _  --. - .. 

-- 

Scott. G. R. and W. A. Cobban. Geologic and Biostratinranhic MaD of the Pierre Shale 
Between Jarre Creek and Loveland, Col&ado. 
Inv. Map 1-439. 1965. 

U.S. Geol&cal SuGey, Hisc. Geol. 

Shapley, D. “Occupational Cancer: Government Challenged in Beryllium Proceeding.” 
Science, v. 198, pp. 898-901. 1977. 

Sheridan, D.M.; Maxwell, C.H. and Albee, A.L. “Geology and Uranium Deposits of the 
Ralston Buttes District, Jefferson County, Colorado.” 
Professional Paper 520. p. 119. 1967. 

Shuck, E.L. 
U.S. Thesis. Crhlorado School of Mines, Goaden, Colorado. p. 45. 1976. 

Simon, R.b. “Seismicity in Colorado.” Consistency of recent earthquakes with 
those of historical record. Science. v. 165, pp. 897-899. 1969. 

U.S. Geological Survey 

“A Seismic Survey of the Ralston Area, Jefferson County, Colorado.” 

Simon, R.B. ttSeismicity of Colorado 1969-1970-1971.“ Earthquake Notes. 
vol. XLIII, no. 2 ,  pp. 5-12. 1972. 

Simpson, H.E. USGS Maps 1-761, B-E. 1) map showing landslides . . .; 2)  map 
showing areas of potential rockfalls . . .; 3) map showing earth materials that 
MY compact and cause settlement . . .; 4 )  map showing man-modified land and man- 
made deposits . . . in the Golden Quadrangle, Jefferson County, Colorado. 1973. 

Smith, D.D. and S.C. Black. 
near the Rock Flats Plant. Report NERC-LV-539-36 . U.S. Environmental Protection 
Agency, Las Vggas, Nevada. 

Actinide Concentrations in Tissues from Cattle Grazing 

February 1975. 

Smith, J.F. 

Spencer, F. D. “Bedrock Geology of the Louisville Quadrangle, Colorado”. U.S. 
sol. Survey Geol. Quad. Map GQ-151. 1961. 

“Geology of the Sedimentary Rocks of the Morrison Quadrangle, Colo- 
U.S. Geological Survey Hisc. Geol. Field Inv., Hap 1-428. 1964. 

SPUrneY, K. R.. Ledge, J.P., Frank, E.R., and Sheesley, D.C. Sci. Tech. Vol. 3, 
p. 435. 1969. 

State of Colorado. 
Colorado Department of tfealth, Division of Occupational and Radiological Health. 

USAJX Rocky Flats Plant Surveillance 1973 Summary Report b) 

Taylor, R.B. “Neogene Tectonism in South-Central Colorado.*I in Cenozoic Histor o f  
the Southern Rocky Mountains. 
Remorr 144, pp. 211-226 . Curtis, B.F. (ed.). Geological Society of Americz, 

1975. 

Taylor, R.B.; P.K. Theobald and C.A. Izett. “Hid-Tertiary Volcanism in the Central 
Front Range, Colorado.” Colorado School of Mines Quarterly. v.  63, no. 3, 
pp- 39-53. 1968. 

mom, H.C.S. “Tornado 
October-December 1963. 

Probabilities. Monthly Weather Review, pp. 730-736. 

Turner, D. B. Workbook of Atmospheric Dispersion Estimates. Public Health Service 
Publication No.39 - -  AP 26 , U.S. 3epartment of Hea!th, Education, and Welfare, National. 
Air Pollution Control Administration, Cincinnati, Ohio. Revised 1969. 

ILeto, 0 .  and P. K. Sims. “Precambrian Ancestry of the Colorado Mineral Belt.” Gee- 
logical Society of America Bulletin 7 4 ,  pp. 991-1014. August 19G3. 

USDC. Local Climatological Data, Annual Summary With Comparative Data. U.S.  Depart- 
ment of Commerce, National Oceanic and Atmospheric Administration, Environmental Data 
Service, Denver, Colorado. 1974. 

U S E .  Honthly and Annual Wind Distribution by Pasquill Stability Clclsses (6). STAR 
Program, Denver, Colorado , 1/60 -12/64, (24 Obs./Day). U.S. Department of Commerce. 
National Oceanic and Atmospheric Administration. April 1974. 

2-268 



USDC. Climato ra h of the United States No. 20. U.S. Department of Commerce, 
National Ocean!c $n% Atmospheric Administration, Environmental Data Service, Boulder, 
Fort Collins, and Greeley, Colorado. April 1975. 

USDC. Seasonal and Annual (Dayflight) Wind Distribution b Pasquill Stabilit 
Classes . S AR Program, Denver, o ora 0 ,  , 0 s.  ay . .'Depart- 
ment of d:i!unerc:, National Oceanic a : d ' A d ! s p h : ; L  

USEPA. Backwound Information on the Development of National Emission Standards for 
Hazardous Air Po utants: As estos Ber ium Met-cur . .S. Environ- 
mental YrotectioAlAgency , 0ff;ce of 'Air Wa;er Prog:ams?z3ig7?. 

, ,' USEPA. "National Emission Staneards for Hhzardous Air Pollutants." 40 CFR, Part 61, 
Subpart C. U.S. Environmental Protection Agency. April 1973. 

USEPA. "Secondary Treatment Information." 40 CFR, Part 133. U.S. Environmental 
Protection Agency, Washington, D.C. August 14, 1973. 

USEPA. Investigative He ort of the 1973 Tritium Release at the Rocky Flats Plant in 
Golden Glorado. 
rado. 'July m. U.S. &vironmental Protection Agency, Region VI11 , Denver, Colo- 

USEPA. "Plutonium Levels in the Sediment of Area Impoundments; Environs of the Rocky 
Flats Plutonium Plant Colorado" Technical lnvestigations Branch, Surveillance and 4nalysis 
Division, U.S. Environmental Protection Agency, Region VIII, 1975. 

USEPA. National Interim Primary Water Regulations. EPA-S?019-76-003. United 
States Environmental Protection Agency. 1976. 

USEPA. "Proposed Guidance on Dose Limits for Iersons Excosed to Transuranium 
Elements in the General Environment." Federal Register Notice. U.S. Environ- 
mental Protection Agency, Washington, D.C. October 1977. 

USEPA. "Response to Couments: Guidance on Dose Limits for Persons Exposed to 
Transuranium Elements in the General Environment." 
4-78-010. U.S. Environmental Protection Agency. 1978. 

Technical Report EPA 520/ 

USERDA. "Standards for Radiation Protection." Chapter 0524. U.S. Energy Research 
and Developmentdministration Manual. March 1977. 

USERDA. "Facilities General Design Criteria" Chapter 6301. U.S. Energy Research and 
Development AdministratiOn Maniial. March 25, 1977. 

USWB. 
296 First Order Stations. Technical Paper No. 2. U.S. Weather Bureat*, Wastang on, . .  3 .  

Van Vorn, R. 
County, Colorado. U.S. Geol. Survey Hisc. Geol. Field Inv. Hap 1-761-A. 1972. 

Van Horn, R. "Geology of  the Golden Quadrangle, Colorado." U.S. Geological 
Survey Professional Paper 872, 116 p. 1976. 

Maximum Recorded United States Point Rainfall for 5 Minutes to 24 HotLrs for 

- -- 
Surficial and Bedrock Seologic Map of the Golden Quadrangle, Jefferson 

I 

Wagner, W. D. Yomparative Chronic Inhalation Toxicity of Beryllium Ores, Ber- 
trandite and Beryl, with Production o f  Pulmonary Tumors by Beryl.'' To%. and Appl. 
Pharm., v 15, pp. 10-29, 1969. 

Wang, Y.L. "Local Hypocenter Determinations in Linearly Varying Layers Applied 
to Earthquakes in the Denver Area." Unpublished D. Sc. Thesis KO. T-1027, 
Colorado School of Mines. 1965. 

Weber, W. A,; G. Kunkel; and L. Shcltz. A Botanical Inventory of the Roc!cy Flats AEC 
Site, Final Report. COO-2371-2. University of Colorado, Boulder. Colorado. July 31, 

14. 



.- 

Wedding, James B. 
Sampler and Filtration Efficiency of Microsorban-98 Fiber Filter." Colorado State 
University, Dept. ot Civil Engineering, Engineering Research Center, Fort Collins, 
Colorado. June, 2978. 

Ueimer, R.J. "A Guide to Uppermost Cretaceous Stratigraphy, Central Front Range, 
Colorado." Deltaic Sedimentation, growth faulting and Early Laramide crustal 
movement. Exrain Geologist. v. 10, no. 3, p. 53-97. 1973. 

Wells. J.D. "G-ology of the Eldorado Springs Quadrangle, Boulder and Jefferson 
Counties. Colorado." E. Ceol. Survey Bulletin 1221-D. 1967. 

Vest, M.W. "A Preliminary Evaluation of the Quaternary Geology, Reported 
Surface Faulting. and Seismicity along the East Flank of Gore Range, Summit, 
County Colorado." Colorado School of Nines, H.S. Thesis T-1828. p. 2 7 - 4 6 .  
1977. 

"Determination of Sampling Efficiencies of Rocky Flats Hi-Volume 

Whicker, F.W. Radiowolo of Natural S stems Three Year Summar Re ort. Colorado 
State Univer siG,-F t y o % E T % T o d A  Contract No. E?-7 6pS-02 -11 56. 
August 1,  1977. (See Appendix A-2). 

Whicker, F .  W. Kadioecolo of Some Natural Or snisms and Systems in Colorado. 
Twelfth Annual P K F e < n e g r t  OR Atomic EnergygComission Contract AT (11-1)-1156, 
Hay 1, 1973 - April 30, 1974. COO-1156-70. Colorado State University, Department of 
Radiology and Rddiation Biology, Fort Collins, Colorado. May 1, 1974. 

Whicker. F. W. Radioecofo y f  Natural S stems-Fourteenth Annu 
CSU , Fort Col 1 ins, corora ---8 o. -_ USEKm -- Con:ract Nn. E{11-1)-1156 

Whicker, F.W. 
CSU, Fort Coll i%.'.6rora c1 

Radioecolosy-of flatural S stems-Fifteenth Anrlual Progress Report. 
USERDA Con;ract No. 5-S-02-1156 . August 1, 1977. 

Wilson, W W., Pumping Tests in Colorado, Colorado Water Conservancy Board Circular 11, 
3965. 

Winsor, T.F. "Plutonium in the Terrestrial Environs of Rocky Flats." RadiQecolo 
of Natural Systcnis in-sgjorcldo 
University, Department or-ogy and Radiation Biolog;, FortPColiins. Colorado. 
Hay 1975. 

Witkind. Z.J. Preliminary map showing known and suspected acLive faults in Colo- 
rado. 11.5. Geological Survey Open-File Report 76-154. 1976. 

W-W Services. =Fisheries Inventor W-W Services Limnological ti Potamological 
Studies, Denver, ColGzo. Juiy d&. 

Thirteenth Technical Pro ess Re ort. C o d e  

Zeff. Zubs-u-rface Studies, Sanitar Landfill Renovations, U.S. Atomic Ener Cornis-- 
sion  roc^ F a t s  P ant EA en, 1; erson Count co ora 0. Ze , C o g o r n E Y a n m y ,  
f;lc:-Ch!ng Soil a:d &:logic Efnfgineers , Dez$er, 'Co1:rado. f:une 26, 1974. 

Zietz, 1. and J.R. Kirby. Aeromagnetic map of Colorado. U.S. Geological Survey 
Map CP-836, Scale  1 : 5 0 0 , 0 0 0 .  1972. 

Zillich, J. A. "Biological Impacts of Rocky Flats Wastes Discharged to Surface 
Waters." 
Protection Conference in Albuquerque, New Mexico. April 15-19, 1974. 

A speech presented at the Second Atomic Energy Commission Environmental 
i 

2-270 

\ 



r 

3. ENVIRONMENTAL IMPACTS 

This ‘.haptrr con5ider-s the. en\*ironmental impact from continued operation of the 
Rock)’ F l a t s  Plant.  Both the beneficial  and adverse impacts associated with u t i l i -  
z.it ion of natural rCsources. a l tera t ions  to the e s i s t i n g  environment, and biological 
e f f e c t s  of nonradioactive and radianctive eff luents are discussed. The impacts o f  
ncinratftoac.1 iw.! and radioact i\*e eff luents during norindl operations and postulated 
dce i dc n t s a rc cons i d _. red . 

A rturiiber of ch. inqcs  i n  C h d p t c r  3 have been made in response t o  comments received 
on the DEIS. I n  cidLlition tu corrections o f  typographical errors and rewording for 
c lar i f i c . i t  ion. the following sunundrizrs the major changes made: 

Hcfcrcmcvs t o  l a x s ,  rcgulat ions,  guides. and standards have been updated. 

The. sourct’ tcrnis for normal Operation have been review-d and reviscd based on 
current operat icms. procedures, and me.isured data. 

0 Thy dose calculations haw b c r n  completely redone using updated and documented 
methoctologic~s. Organ doses were calculated for 70 ( ra ther  than 50) years,  a 
rwyiscxi drmography was useti, .ind factors were calculated t o  convert doses for 
adult rt-frrcncr in.in t o  doses LO infants.  children,  and aduIt females. Some 
calcul*it  ions of pc~pulat ion dose were done u s i i g  a hypothetical high-density 
population nt’ai- .ind downwind of  thc P lmt  . Presentation of the organ doses has 
been t*sp,indcd t o  show closes to individuals !‘or s i s teen  d i rcc t ions  and a t  eight 
distances froln the Plant tor routine releases and f o r  probability-weighted 
accident relri iscs .  and at nine distances doc-twind for each o f  the postulated 
masiniuni credible releases.  The use o f  the to ta l  body doses as  the primary dose 
h i ~ s  been dei.iiiphasizd. 

~ c c a l c u 1 a t c d  and the resul t s  are presented i n  t!lis FEIS. 
recaluculation confirm the finding presented i n  the DEIS, namely, that the 
dost? t o  thc gcncral population is v c r y  small and w i l l  result  i n  no s igni f i cant  
m s c r s e  r n v i  ronnicntal impact. 

The dose mcasicrcments presented i n  the DEIS have been 
T h e  resul t s  o f  the 

The accident scen,irios ware rrevalu,rteci. 
lium h.is been .added. 

0.001/ycar t o  O.Ol/year. assuniing the ponds would n D t  withstand a 100-year 
flood.  

The dntounf of plutoniuiit which becomes airborne in 
i n  Scacticn 3 . 2 . 2 . 4 .  
bas not documented .inti was deleted. b t~ , iuse  i t s  r e l i a b i l i t y  was doubtful. 
crit  i c a l i t y  accidtwt scrnarios were revised to include a inasiniuni probdble accident,  
as well as t h e  tnrt<ftl and so1uLion ul.rsiniuni zt-rtliblc accidents.  

continut*d oper.it ion o t  the t-sist inp plutoniua recovery and reprocessing f a c i l i t y .  
Releases of f i s s i o n  pro . J C L S .  plutoniuni, m d  mcriciulu troau c r i t  icdl i t y  accidents 
were rctnlcu1,lted. 

.a niasiinuni credible dccident for t e r y l -  
The probdbil iLy of inipoundnirnt f d i  lure was increased from 

The cdlculat ion o f  the release from an impoundment fa i lurc  *as corrected. 
f i r e  was reduced. a s  described 

Informtion in the DEIS concerning past chemical explosions 
The 

The magnitude of 
.I’ the iiiasiinuin crcdiblt. solution c r i  t iC.ili t y  increasrd LO account for the 
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e Effects of transportation, including accidents, were completely reevaluated 
using methods from the Nuclear Regulatory Commission's environmental statement 
on transportatim of radioactive materials. 
accident in a densely populated urban area was added. 

An analysis of a transportation 

3.1 NORMAL OPERATION 

Lmpacts attributable to normal operation of the Rocky Flats Plant can be divide? 
into two categories--nonradiological and radiological. The nonradiological :?pacts 
include those related to (1) the utilization of natural resources, ( 2 )  alterations to 
the environment, and (3) potential biological effects resulting from the release of 
nonradioactive materials. Radiological irupacts are those related only to potential 
biological effects resulting from the release of radioactive materials. This differen- 
ti-tion is maintained to provide maximum definition of the radiological impacts that 
are of primary interest in tS* eviduation of the Rocky Flats Plant. 

Plant utilization of natural resources takes several forms. Water, fossil 

In this rsspect, Rocky Flats is like any other 
fuels, metals, chemicals, and electricity are used, and consumed in most cases, in 
the normal course of operation. 
industrial facility. 
evaluated in this section as one of the nonradiological impacts of the continued 
operation of Rocky Flats. 

The extent and impact of this utilization are described and 

Plant-related alteration of the environment includes changes to the topography, 
hydrology, geology, meteorology, and to plant and animal populations that would 
characterize the Plant site if the facility did not exist. 
effects of released materials, which are considered in a separate discussion. 
age of the Rocky Fiats Plant (about 25 years old) and of other industrial and residen- 
tial developments in the area makes it difficult to define the impacts which can be 
attributed specifically to the Rocky Flats Plant; consequently, the evaluations and 
impart assessments of Plant-related alterations to the environment are often qualita- 
tive rather than quantitative. 

There also are ecological 
The 

A l ?  substances foreign to the natural environment can be defined as contaminants 
I 
I or potential pollutants. To determine its characterization as a pollutant, each 

contaminant must be considered with respect to its release rate, concentration, and 
toxicity to life systems. 
media and mechanisms by which contaminants enter the surrounding environment and 
ultimately interact with the various ecological systems. 

This determination is in turn related to the transport 

I n  the process of transport, all contaminants are subject to some degree of 
dispersion. This action reduces their concentration as they are carried from the 
release point by natural systems. 
will mix with larger air and water masses, resulting in reduced concentration. Contami- 

Contaminants in air and water leaving the Plant 
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nants entering ecological systems may be subject to further dilution or reconcentra- 
tion depending on the affinity of various species for different contaminants. 
contaminants are further subject to reaction and changes in physical and chemical 
form as they migrate through the natural systems. 

Some 

, 

In estimating quantities of pollutants following specific transport pathways, 
overestimates are used (i.e., "conservatism") to assure that the maximum environments1 
impact will be available for use in the decision-making process. 
guides or internally imposed limits are applied to processes producing effluents. 
These guides specify the amounts of pollutants which may be discharged in order to 
minimize the amount o f  pollutant (per the ALAP policy) and to assure compliance with 
the law, when applicable laws exist. 
which limit the release of various contaminants. State and Federal agencies enforce 
these limits. 

Administrative 

Legislation, regulations, and standards exist 

-'c 

Release limits for the Rocky Flhts Plant are embodied in several regulations. 
Concentration limits for nonradioactive contaminants in water have been established 
through an "Authorization to Discharge Under the National Pollutant Discharge Elimina- 
tion System" (an EPDES permit), administered by the U.S. Environmental Protection 
Agency (EPA) and the Colorado Department of Health (CDH). A copy of the Rocky Flats 
permit is included in this Statement as Appendix D. Limits for nonradioactive mate- 
rials in air are established by regulations applicable to all industrial facilities. 
These regulations are issued by the EPA and implemented through State regulations. 
R.Adioactivity Concentration Guides (RCG's) for radioactive materials have been recom- 
mended by the International Committee on Radiological Protection (ICRP) and the 
National Council on Kadiation Protection and Measurements (NCRP). 
adopted as limits by the AEC and ERDA and continued in effect by WE. 
Radiation Council was established by Executive Order in 1959. 
assigned the responsibility for defining standards. 
including the Rocky Flats Plant must comply with pollution control standards established 
pertinent to Federal environmental statutes including the Clean Water Act, Safe Drinking 
Water Act, Clean Air Act, Resource Conservation and Recovery Act, and the implementing 
rt.gulation8 adopted by state and local governments. 

These guides were 
The Federal 

In 1970 the EPA was -. 
Unless exempt, Federal facilities 

The effect of radioactive materials on life systems necessitates specific analysis 
-1 of each radioactive isotope. 

addition to the radiation types and energy levels, dispersion mechanisms, chemical 
toxicity, radiotoxicity, and its short- and long-term effects on the ecological 
systems and populations both in the immediate Plant wicinity and for many miles 

The decay products of each isotope must be analyzed in 



around the site. 
accidental releases. 
Sections 3 . 1 . 2 ,  3.2.4, and Appendices F and G. 

This type of detailed analysis is applied to normal releases and to 
A complete discussion of these evaluations is presented in 

Nonradioactive solid wastes are deposited in a sanitary landfill on the Plant 
site. The operation o f  the landfill is subject to the &PA regulation "Guidelines for 
the Land Disposal of Solid Waste,'' Code of Federal Regulations, Title 40, Part 241, 
1974. The landfill is not used for hazardous materials, and its operation is not 
greatly affected, therefore, by the more recent (1976) "Resource Conservation and 
Recovery Act." Only domestic, nonradioactive, nonprocess, solid wastes may be depos- 
ited in the landfill. 
control, and monitoring, are stored temporarily on site and shipped to a DOE-approved 
storage facility. 
transportation impacts are evaluated in Section 3.3. 

Radioactive wastes, subject to special packaging, strict 

The transportation of these solid wastes is described and potential 

3.1.1 Nonradirlogical Impacts 

The nonradiological impacts attributable to the Rocky Flats Plant under normal 
operating conditions fall into three general categories: (1) utilization of natural 
resources, ( 2 )  alterations to the physical environment, and (3) biological effects of 
contaminant releases. 
in each of these areas, considering both the beneficial and adverse effects. 

Sections 3.1.1.1 through 3.1.1.3 discuss the Plant's impacts 

3.1.1.1 Utilization of Natural Resources 

The utilization of natural resources by the Rocky Flats Plant involves the 
consumption Qf fossil fuels, metals, chemicals, and electricity. 
also involved during the normal course of operation. 
uses of these resources by the Plant are described in Srbtions 2.6.5 through 2.6.9. 

Water resources art 
The systems, processes, and 

Water 

The Rocky Flats Plant purchased approximately 113 million gallons of water in 
FY 1977 from the Denver Water Board. This compares with 116 million gallons in 
FY 1976, 126 million gallons in FY 1975, 143 million gallons in FY 1974, and 161 mil- 
lion gallons in FY 1973. Figure 3.1.1-1 shows the Plant water balance for FY 1977 
and the various water flows through the Plant. 
purchased, 72% entered the treated water system, 26% was used as raw water in makeup 
for the Plant's cooling towers, and the remainder went to irrigation or evaporation. 

Of the total 113 million gallons 

Almost all (91%) of the makeup water was evaporated by the towers and may 
a water source to the immediate region. Blowdown from the cooling towers 
to the sanitary treatment plant. Prior to late 1974 it was discharged to 
or  to Walnut Creek. 
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WATER COOL I NG 
TREAThlENT 4 D TOCtRS 

8 2 . 0  29.700 
EVAPORATION b 

1 AND IRRIGATION 
1,600 - 1 -  

PROCESS STEAhl + SANITARY SANITARY BLOWDOWN 
2.100 USE MiSC USE W TREAXlEWT C 

5.800 22.700 51.100 56.m 

RFSERVOIR 

SOUTH UALNIJT CREEK HOLDING 
PONDS El. 82.83 AND 6.1 

NORTH WkLNUT CREEK HOLDING 
PONDS A1 AND A2 

Figure 3.1.1-1 Estimitcd Rocky F l a t s  P l m t  
FY 1977 Vnier Hilnnce 

(all flows in 1,000 gal p e r  y e a r )  
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Water from the water 
steam production systems, 
treated water is used for 
system that discharges to 

treatment plant.is used for processes, sanitary waste, 
and in miscellaneous services. 
domestic purposes and enters the sanitary waste treatment 
the B-series holding ponds on South Walnut Creek. 

Approximately 66% o f  the 

Process 
water accounts for less than 10% of the treated water used. Process wastewater is 
treated in the process waste treatment facility for the removal of radioactive conta- 
minants. Treated wastewater is evaporated in the solar evaporation ponds. Process 
wastewater that meets Radioactivity Concentration Guides (RCG's) as defined by ERDA 
HC0524 (USERDA, 1977) without treatment is stored in Ponds B-2 on South Walnut Creek 
and A-1 and A-2 on North Walnut Creek. 
nants, which settle into the sediment o f  these ponds. 

Evaporation concentrates the remaining contami- 

Irrigation water is used at the Plant primarily during the summer months. The 
water requirements of vegetation and the dry climate during the irrigation season 
prevent any signiflcant portion of this water from entering groundwater flow. This 
water is lost to the region as a water source through evaporation from the soil and 
plants. It is believed, however, that enhancement of on-site vegetation more than 
compensates for this water USC. 
erosion, minimizing transport of contaminancs from the soils into the natural drainages. 

This vegetation improves soil stability and reduces 

Water used by the cooling towers in dissipating building heat for climate con- 
trol serves two purposes. 
ployees and it eliminates the discharge of this waste heat to natural water sources, 
the only other cooling medium that could be used to provide this service. 

It provides benefits in working conditions for the em- 

Operation of the Plant's heating boilers also requires water. Under ideal 
conditions, the system is a closed cycle with all water being returned to the boilers 
for reuse. Boiler blowdown, periodic maintenance, pressure relief valves, and steam 
leaks from valves and other equipment, however, allow part of the steam to escape to 
the atmosphere. 
lost annually from the steam plant alone. 
tion from cooling towers, solar evaporation ponds, and holding ponds. Steam heating 
is the only feasible heating method for the Plant. Neither electric heat nor direct 
fuel-fired heating is acceptable for efficiency, cost, or safety reasons. 

This results in approximately 12.0 million gallons of water being 
. -  Additional water is lost because of evapora- 

About 50% of the water initially purchased for Plant use (approximately 56.8 

This flow then combines with the natural drainage from North 
million gallons in FY 1977) is discharged via holding ponds B-1, 8-3, and 3-4 to 
South Walnut Creek. 
Walnut Creek as a tributary to Great Western Reservoir. 
water the City of Broomfield would otherwise have to procure from other sources. 

This reduces thc amount of 

A total water-recycle plan is nearly completed. When that project is finished, 
all process and lalindry wastewater will be treated and distilled to 
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create a supply of high-purity water. 
sanitary waste-treatment plant and discharged to Walnut Creek, will also be recycled. 
Sewage treatment involves a recently completed tertiary step and a reverse osmosis 
process now nearly operational. 
wastewater will leave the site except by evaporation. 
liquid discharges to Great Western Reservoir. 
recycle plan will allow Rocky Flats to comply with the 1985 zero discharge of pOllu- 
tants requirement as set forth in the Water Pollution Control Act of 1972. In addi- 
tion, the plan will further reduce the possibility 9f any accidental release of 
contaminants, either chemical or radioactive. 

Sanitary wastes, presently treated in the 

Completion of these changes will mean that no Plant 
This plan will eliminate 

The implementation of the total water- 

Natural Gas 

Natural gas is the prisary fuel source for operation of the Plant's heating 
boilers and for other proczss uses. 
cubic feet o f  natural gas from the Western Slope Gas Company during FY 1977. This 
compares with 568 million cubic feet in FY 1976, 746 aillion cubic feet in FY 1975 
and 1974, and 726 million cubic feet in FY 1973. 

Rocky Flats purchased approximately 637 million 

The Plant's natural gas supply is on a interruptible basis; i.e., during periods 
of high gas demand by residential customers, the Plant's supply may be curtailed or 
discontinued. This occurs primarily during the winter months, although natural gas 
shortages are expected to increase curtailment periods in the next few years. The 
consumption of natural gas does represent the loss of a natural resource that cannot 
be replaced, as is the case for all fossil fuels. The use of natural gas to produce 
heating steam is, however, more eff cient than electric heating, and thus represents 
the minimum consumptive impact consistent with Plant safety and energy requirements. 
Since natural gas supplies are becoming less available, a coal-fired plant is receiving 
budgetary consideration for the 1980's. 

Other Fossil Fuels 

Fuel oil, diesel fuel, gasoline, and propane are utilized at Rocky Flats as 
backup fuel supplies for heating boilers, fuel for stationary and mobile combustion 
enzines, and fuel for process uses. 

Heavy fuel oil (grade #6) is the primary backup fuel supply €or the Plant's 
heating boilers. Approximately 335,000 gallons were consumed in FY 1977 for this 
service, compared with 940,000 gallons in FY 1976; 514,000 gallons in FY 1975; 
702,000 gallons in FY 1974; and 1.6 million gallons in FY 1973. 
measures and mild winters contributed to the reduced consumption in FY 1974, 1975, 
and 1977. 

Energy conservation 

Consumptioi: of fuel oil is anticipated to increase as natural gas short- 
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ages occur, but accurate estimates bre not feasible because of the many factors 
affecting Plant energv requirements. Consumption of #6 fuel oil does represent the 
loss  of an irreplaceable resource. 
however, it is more efficient than electric heat, and it cons;itutcs the minimum 
consumptive impact consistent rith Plant safety and energy requircsents. 

As'a backup fuel supply for the heating boilers, 

Gasoline and diesel fuel are used in srationary and mobile combustion engines 
This resource cdnsumption 1: unavoidable given used to power equipment and vehicles. 

present engine technology. 
this impe, t. 
to FY 1977, while gasoline consumption increased about 3,000 galleas. 

Conservation measures have been implemented to minimize 
Diesel fuel consumptiqn was reduced by almost 1,800 galions from FY 1976 

Electricity 

Electricity is purchased from the Public Service Company of Colorado. Rocky 
Flats used approximately 104,000 negawatt hours (MJH) in FY 1977. This compares with 
usage of approximately 105,000 MWH in FY 1976; 106,000 MWH in FY 1975. 103.000 HvH in 
FY 1974; and 112,000 MWH in FV 1973. 
motor-driven pumps and other process equipment, controls, and instrumentation. 
Consumption is anticipated to increase as new facilities, improvements, and more 
automation are added to the Plant. Estimates made in 1971 show as much as 167,750 
H" may be required by FY 1983. This is probably an overestimate, since energy 
comervation measures, including curtailment of nonessential lighting, less air 
conditioning, and newer, m re efficient equipment, will reduce consumption. A new 
substation has been constructed to handle new loads. 
new plutonium recovery and waste treatment facility. This facility will require 
appreciable heating and ventilating cquipment and will provide increased safety for 
both employees and the general public. The existing electrical supply capacity from 
Public Service Company of Colorado appears adequate for all existing and anticipated 
loads. 
the overall electrical requirements of the utility system; however, the general 
increase in population and consequent residential and industrial power demands far 

Electricity is used for lighting, electric- 

The major rrew load will be the 

Increased Plant requirements for electricity may be considered as ilppacting 

, exceed the additional requirements for Rocky Flats alone. A 1974 report published by 
1 the Colorado Division of Commerce and Development (Neil1 and Baughn, 1974) shows an ' overall, estimated increase in electric power Consumption of 6.9% from 1974 to 1975 

for Colorado and total consumption of 11.7 million MVH for 1975. Rocky Flats' elec- 
trical power consumption constitutes less than 1% of this estimated total consumptiqn, 
a percentage that will remain relatively constant through 1983. 

I t  
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Metals and Chemicals 

Various metals and chemicals are consumed in research and development, produc- 
tion, fabrication, manufacturing, and waste pa-ocessing. The transformation and 
consumption of these materials is unavoiddble in the conduct of cperations at Rocky 
Flats, as is the case for most industrial facilities. 

Much of the Plant's chemical ccnsumption occurs in waste processing and plu- 
tonium recovery operations. 
of essential and valuable materials and maximum protection 0' the environment. 
Plutonium recovery and other waste treatment processes inherently minimize contaaina- 
tion of the environment by capturir.g the?e materials for r?use or by solidifying 
wastes into a form suitable for long-term storage. The consumption o f  these materials 
is justified by the reduced coqtaminant releases realized by their use i3 waste 
treatment processes. 

These activities are directed towards maximum recovery 

I The auantities of major chemicals used during FY 1977 are 
summarized in Section 2 

Land Use 

Land areas of poss 

cerns generally are the 

8. 

ble concern are east and southeast of the Plant. The con- 
close proximity of a iarge popu1a:ion in case of an accident, 

the amount and degree of soil contaminatim attributed to plutonium, and the possibi- 

lity of an impoundment failuri causing contamination of Great Western Reservoir. 
which is the main water supply €07 che City of Broomtield. Sections 2.3.9, Z.l.2, 
and 3.2 provide detailed discussions and informatim relating to these concerr- and 
shpuld be referred LO for additional background intormation. 

In 1975, the 'J.S. Government purchased approximately 4,000 zcxes -.round the 
original 2.520-acre Rocky Flats Plant site. 
and pre'ents industrial or  resident.ia1 develcpment from encroaching on the Plant. 
The buffer zone provides an additional safety margin in the event of an abaomcrl 
occurrence at the Plant. 
tained i? Chapter i. 

This acqGisition expands the buffer tone 

Information concerning the use af adjacent lands is con- 

3.1.1.2 Alterations of the Environment 

Alteration of the environment includes consideration of impacts to the site and 

These areas 02 ipterest are discussed more fully in Secrions 2.3.4 thrcugh 
immediate region in the areas of topography, g e o l o u .  hydrology, azteorology, and 
ecolsgy. 
2.3.6, 2.3.10, and Appendices :., B, and C. 
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Topography 

The topography of the Rocky Flats Plant site consists of a west-to-east, sioping, 
alluvial fan that drops relatively sharply on the east edge and four natural drainage 
channels, Walnut and Rock Creeks, located north and Woman Creek and Smart Ditch south 
of the site. 

+--- 

i : 

The construction and operation of the Plant has not altered the existing topo- 
graphy significantly. No major excavation or fill operations have resulted in signifi- 
cant elevation or contour changes to the sjte. 
existing grade elevations, a few with basements, with columns driven to bedrock for 
foundation support. 
roadways, fences, underground piping and drainage channels around buildings and 
roadways, and rerouting %Kay Ditch. 

Host structures have been built at 

Topographical changes have resulted from the construction of 

The natural drainage channels have been altered by the construction of dams, 
ditches, and ponds tc retain the water temporarily. This retention allows settling 
of suspended solids from Plant effluent streams and natural drainages. 
associated with these retention and settling ponds are judged to outweigh the topo- 
graphic alterations resulting from dam and pond construction. 

The benefits 

A landfill area (see Section 2 . 9 . 4  for more information) north of the Plant for 
the disposal of solid, nontoxic, nonradioactive waste materials constitutes a topo- 
graphic alteration. A s  waste materials are placed in the landfill excavation, the 
area is backfilled and compacted. 
tinued when its surface contours aatch those or the suirounding topography. 
water diversion system and dam downstream of the landfill have been constructed to 
minimize groundwater flow through the landfill and consequently potential groundwater 
contamination. Extensive analysis of the landfill in the early creventies disclosed 
small amounts of low-level radioactivity, primarily tritium. Deposit of radioactive 
waste i n  the landfill is prohibited, and all materials delivered to the landfill are 

The landfill will be exhausted and its use discon- 
A ground- 

. -_ 

monitored for radioactivity before disposal. Dams have been built to capture pre- 
cipitation runoff from the landfill area to further minimize potential ground- and 
sutface-water contamination. These are topographic alterations, but their benefits 
arb estimatcd to outweigh the topographic impact. 

Geology 

The geology of the Rocky Flats Plant site is characterized by a thin topsoil 
layer underlain by Rocky Flats Alluvium, a gravel that consists mostly of quartzite 
boulders and clay. This surficial material is underlain by 25 to 270 feet of the 
Arapahoe formation (see Section 2 . 3 . 4 )  which, in turn, is underlain by 100 to 800 
feet of the Laramie formation. 
region is presented in Seztion 2 . 3 . 4  and Appendix C .  

A detailed description of the geology of the site and 

\ 
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The Rocky Flats Plant has no significant impact on the geology of the site or 
region. 
structural loads do not impact the weaker, less stable tcpsoil and alluvium o f  the 
site. 
unavoidable and is characteristic of all man-made structures- The Rocky Flats site 
was initially selected based partially on soil stability, avoiding geologic features 
and soils subject to significant impact. 

Hydro1 o ~ y  

i Host major structures are supported by columns driven to bedrock; consequently, 

Some permanent disturbance of soils and subsurface geological features is 

/' 

The hydrology of the Rocky Flats Plant sire is characterized primarily by sur- 
face and groundwater flow following the topography and geology from west to east. 
Groundwater originates from surface and subsurface sources in the elevated areas west 
of the site. It flows through the alluvial gravel, emanating as surface springs east 
of the Plant and, for the most part, joins surface drainage channels that connect 
with Standley Lake and Great Western Reservoir. Groundwater elevations below the 
surface vary considerably from season to season, with maximum leve!s and flow during 
spring runoff and winter precipitztion periods. The alluvial gravel L i  relatively 
porous structure that does not readily retain water; consequently. groundwater flow 
rates are high. This lack of water retention is evidenced by the rather sparse and 
dry vegetation characteristic of the Rocky Flats area. 
are Rock Creek, North Walnut Creek, South Walnut Creek, Woman Creek, and several 
ditches. 
Woman Creek drains to Standlr, Lake. Natural surface water flow occurs primarily 
during winter and spring from precipitation i.unoff and groundwater surface spriags. 
Without Plant water discharges, all natural drainages would be dry a pvrtion of the 
year. 
hydrology in the Rocky Flats area is given in Section 2 . 3 . 5  and in a report by Hurr 
(Hurr, 1976). 

The surface drainage channels 

North and South Valnut Creek join and flow into Great Westerr: Reservoir. 

Woman Creek is dry during summer periods. A more detailed discussion 01 

The Rocky Flats Plant has cacsed alterations to the hydrological characteristics 
of the site. 
both natural and man-made, used to supply the Denver metropolitan area. 

Regional effects are not as evident because of the many water sources, 

The natural drainages that could conceivably receive Plant effluent have been 
dammed, as previously discussed, to provide settling basins. 
by buildings and roadways tend to concentrate rainfall runoff, which causes higher 
flow rates over remaining exposed soils. 
measures, such as additional vegetation plantings, are not introduced to mitigate 
this effect. 
been planted to provide soil protection within the security fence. 
basins also serve to prevent excessive carryover of erosion materials into the 
natural drainages. 

Surface areas occupied 

This can cause increased erosion if other 

Several species of evergreens and other shrubs, as well as grass, have 
The settling 

The solid materials remain as sediment in the holding ponds. 
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McKay Ditch (also idertified as Zang Ditch in some other documents) was rerouted 
to a course and draincge paralleling the Upper Church Ditch. 
through the Plant site from this drainage source that previously entered into North 
Walnut Creek. The new routing continues as a tributary to Great Western Reservoir, 
but reduces the potential for heavy storm runoff flow through North Walnut Creek. 
The subsequent hazard of flooding the holding ponds and of  carryover of sediment from 
these ponds into Great Western Reservoir also is reduced. 

This eliminated flow 

Foundation structures, especially large basement-type structures, tend to d i s -  

The highly porous nature OF the Rocky Flats alluvial gravel, however, 
turb groundwater flow and level by impeding and interrupting natural groundwater 
courses. 
results in little. if any, impact of this nature for the Rocky Flats Plant. Ground- 
water is able to move rapidly around such structures through the porous alluvial 
material. Ground- and surface-water flow have also been altered around and down- 
stream of the sanitary landfill. An impermeable dike has been constructed around the 
western end and sides of the landfill to cause groundwater and surface water to flow 
around rather than through the compacted till and solid waste material. Also, a dam 
has been constructed downstream of the landfill to retain runoff originating in the 
landfill an6 to retain groundwater flow circumventing the impermeable dike. 
measures are iritended primarily to prevent contamination of groundwater and surface 
water in the area. 

These 

In most cases, alterations to hydrological characteristics of the site have been 
made to minimize the overall environniental impact of the Plant, especially with 
regard to contaminant migration via water courses to the downstream, populated areas. 
The benefits derived from alterdtions to the natural hydrological characteristics are 
thus juiged to outweigh the adverse impacts of these alterations. 

Meteorology 

The meteorology of the Rocky Flats Plant site is characterized by high variabi- 
lity of wind direction depending on the time of day. The average annual wind speed 
is less than 9 miles per hour. However, peak gust wind speeds during front range 
down-slope wind storms can be high. 
northwest have been measured in excess of 100 miles per hour. The proximity of the 
site to the Frotit Range of the Rocky Mountains has a strong relationship to this 
phenomenon. High winds are relatively frequent occurrences; yet, tornadoes are rare 
in the area. The climate is relatively dry with annual precipitation of only 15 
inches per year. 
Section 2 . 3 . 6  and Appendix B. 

During these storms, winds from the west- 

A detailed description of the site meteorology is provided in 

The Plant has little impact on area meteorology. Any influence would be limited 
to downwind distances on the order of the characteristic size of the Plant area 
within the security f e w e  (-1 mile). Such influences could dilute the downwind con- 

‘\ 
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centrations of effluent plumes from Plant buildings (Slade, 1968), a fact which has 
been conservatively omitted from all dose calculations. The Plant's cooling towers 
are the major mechanisms that provide any on-site meteorological influence. Under 
other conditions and in other locations, these towers might represent a meteorological 
impact. The persistent winds, dry climate, and dispersed location of small towers 
around the site proper, however, result in rapid plume rise and in dilution and 
dispersion of the released water vapor in the atmosphere. 
air pollution near the center of Denver, there is little or no exchange of air 
between Rocky Flats and the central portion 9f the Denver metropolitan area. 

During episodes of dense 

\ 
\ 

, 
/ 

.. ._ . - 

/ - 

Ecology 

Comprehensive ecological descripticns of the Rocky Flats Plant area are found in 
Sectfon 2.3 .10  and Appendix A. 

The facility does occupy land that would othent.;c be available for native plant 
and animal life. Revegetation of disturbed areas is difficult because of frequent 
high winds, low rainfall, and, in many areas, rocky soil, but it has been successful 
in some areas. Natural revegetation has resulted in some recovery of overgrazed 
areas. Host of the site, excluding the area enclosed by the security fence, is open 
grassland with native and introduced species. 

- 
Vegetation within the Plant confines has been enhar'ced in both variety and 

As a resalt of Plant discharges, there quantity by planting as previously discussed. 
is continuous water flow in South Walnut Creek and downstream. 

3.1.1.3 Biological Effects of Nonradioactive Contminant Releases 

The release of nonradioactive contaminants to the air, water, and soil of the 
Rocky Flats Plant site and region constitutes a potential pollution source that must 
be evaluated in terms of potential biological effects on all life forms. Quantita- 
tive evaluation is based on the continuous monitoring and analysis of Plant effluents 
and comparison with concentration limits established by State and Federal authorities. 
These limits are indicative of potential harm to the human population. 
necessarily represent effects on other life systems. Consequently, additional cvalu- 
ation of a more qualitative nature is required to  adequately define and assess the 

They do not 

overall impact of contaminant releases on other 
cusses and assesses the impact of such releases 
terms, as appropriate. , 

The release of nonradioactive contaminants 
tion limits established by Federal agencies for 
media, air and watet. 

life forms. This subsection dis- 
in both quantitative and qualitative 

i s  governed 
each of the 

primarily by concentra- 
two primary transport 
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Contaminants in Effluent Waters 

Release limits for nonradioactive contaminants in water effluents are embodied 
in the Rocky Flats Plant's "Authorization to Discharge Under the National Pollutant 
Discharge Elimination System" (FWPCA, 1972), commonly known as the NPDES permit. By 
law, an NPDES permit was required by July 1 
other than publicly owned treatment works. 
Federal Water Pollution Control Act Amendments of 1972. 
o f  the Act, the NPDES permit specifies effluent limitations for each point source. 
The permit is issued by the regional administrator of the U.S. Environmental Protec- 
tion Agency (EPA; and administered by the Colorado Department of Health, Water Pollu- 
tion Control Division. 
Statement as Appendix D. 

1977, for all water effluent sources 
This requirement is defined in the 

In accordance with Section 402 
/- 

,/ A copy of the Rocky Flats' NPDES permit is iccluded in this 

Prior to implementation of the NPDES permit, the Plant's water effluent limita- 
tions were governed by standards of the U.S. Public Health Service (USPHS) and the 
Colorado Department of Health (CDH). 
the primary guidelines followed at Rocky Flats. 
mission of the CDH is, however, the agency responsible for administration of the 
USPHS guidelines. In some cases, the CDH established standards of its own. The basic 
Colorado standards were revised effective September 1, 1971 (CDH, 1971). These re- 
vised standards for water sources are summarized in Table 3.1.1-1 along with chemical 
guidelines delineated by the USPHS in the Drinking Water Standards of 1962 (USPHS, 
1969). In addition, the Water Pollution Control Commission compiled classifications 
ant corresponding standards for &he major water sources of Colorado. Although Walnut 
Creek and Woman Creek were not classified, the most restrictive stream classification 
standards were used as guidelines. Some of the limits established for drinking water 
by the USPHS and CDM do not relate directly to health hazards, but rather to the 
acceptability of the water as to taste, odor, and color. 

The USPHS Drinking Water Standards of 1962 were 
The 'dater Pollution Control Com- 

Tables 3.1.1-2 through 3.1.1-5 list the monthly, average, nonradioactive contam- 
inants contained in Plant effluents as measured in holdill& pond waters from 1971 
through September 1974. Examination of Tables 3.1.1-2 th-ough 3.1.1-5 shows that the 
monthly average effluent contaminant concentrations from Lhe holding ponds were 
generally within the limits for classified streams. These limits served as guidelines 
for the period preceding implementation of the NPDES permit in 1974. 

Tables 3.1.1-6 through 3.1.1-8 list the nonradioactive effluents from October 
1974 through December 1977. As stated in the NPDES permit (Appendix D), the effluent 
limits enacted on September 4, 1974, were superseded less than 30 days later by more 
stringent requirements. Examination of Tables 3.1.1-6 through 3.1.1-8 shows that 
these limits have rarely been exceeded. 
the first two months fcllawing implementation of the pellnit and resulted from opera- 
tional adjustments during start-up of the new sanitary, tertiary treatment facility. 

The limits were exceeded primarily during 
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Fluoride (F-) 1.2 

BOD, 30.0. 
DbmlolwdO~een 0) 6.0 

Total solids 500.00. 

Chromium tCr'*) 0.0s 
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Chromium CCt" t 0.05 
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TABLE 3 1.14 
NONRADIOACTIVE WATER EFFLUEWS 

(January 1977 throu$ December 1977) 

__ 
Jan Icb. Mar. Apr. May Iun Iul. Aw. Scp. et. W-rr. DCC. --- 

<Z 6 
:2.0 

1.2 
2.3 

135 

0.4 
11.5 

6.6 
1s.n 

<o I 
<n.1 

7.8 
7 .n 

<q ns 

0 .? 
15- 

0 
I1 

6.6 
7.3  

<20 <26 
<In 8 0  

16 2 0  
25 3 4  

139 < I I S  

0 4  ne 
0.5 3 0  

S 8  3 4  
I 4 0  I 2 0  

<01 <01 
<o I <01 

8 3  8 4  
7 3  7 0  

< o m  
*0u5 tll I13 

V 6  O b  
1 4  I I B  

n 5  n 
n i  o 
6 1  6 9  

7 4  1 s  

<33 <3.2 
i8.n 15.0 

1.7 1.7 
2.8 2.3 

<+.I 9.0 

0.4 0.3 
0.5 o s  

~ 3 . 9  ~ 3 . 2  
1.0 10.0 

<O.I a i  
<O.l <O.l 

7.9 7.2 
7.0 6.0 

<om .o.ns 
<OD5 coo5 

0.8 c.6 
I.? U.8 

n n 
d l  0 

6.1 6.8 

7.4 7 3  

c2.0 
<Lo 

2.1 
4.4 

e.! 

c0.3 
03 

<29 
7 .O 

<O.l 
<O.l 

6.8 
6 .O 

<O 05 
4 . u 5  

0.S 
0 6  

n 
n 
6.7 
ld 

<ZD <zs 
<2B 6 0  

2 3  23 
4 2  4.2 

0 5  111 

n s  <os 
O b  Od 

c22 <?S 
sv 7D 

<o I <a I 
<o I <31 

6 8  6 7  

6 0  6 0  

<ous <005 
<005 <ow 

05  05 
Ob Ob  

0 0  

6 6  61 
7.1 7 7 

n o  

<3 I < 4 3  
ia I 3 0  

2 4  3 0  
4 9  4 4  

116 < I 3 4  

05 os 
on 2 0  

<I '  53 
7 0  S U O  

< n i  <OI 
<OI < n i  

6 7  6 8  
b n  s o  

cons coos 
< O M  cons 

O b  0 4  
16 I16 

0 n 

68 6 8  

7 6  7 6  

n 0 

4 . 8  4 3 4  
160 100 

2.8 3s 
S 5  6 0  

132 < I 3 4  

05 0 4  
0 8  Of 

<52 I O 0  
110 290 

a1 <01 
<01 4 1  

7 6  7 4  
7 0  6 0  

<305 <00 
~ 0 0 :  ~ 6 0  

0 3  0 3  
05 ? I  

O b  
0 0  
6 9  6 8  
- 6  1 5  

1U7  19.3 17.9 I S  1 183 164 160 11.3 180 

713 7.n 7.0 s.8 3.1) 1.0 <so <nJ <0.3 a n  i o 3  0.3 
7.u 7.0 7 o 7.n 4 a  in 9 0  GO 3 c4i.3 c1.n <o 3 0.3 

7.1 8 n  8 5  8.2 8.4 8.1 7.8 7.4 7.7 P Z  7.4 8.1 
1.7 8.0 1.0 7.7 8.0 8.1 7.6 7.4 7 4  8.1 1.4 8 1  

!6u 178 IN is1 158 isn is8 IW 93 148 
?68 241 226 IS7 I74 163 172 12.5 98 161 

28 6il 9 0  I5 S U  IS 18 I4 26 I1 
28 6 0  90 15 513 I5 I8 IJ 26 I I  
8 3  8 4  8.3 8 0  85 8 2  8 3  7 0  1 4  7 2  
8 6  R 6  RJ 8 3  8 6  8 6  8 s  91 9 4  

& 
N A. - k t  AFflKJbk 

a . 3  <03 
a 3 <0.3 

-36 220 
220 123 

?I I3  
21 I 3  
8.3 7.9 

8.4 - E O  - 
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Overall, the Rocky Flats Plant has'succeeded in minimizing tke release of noc- 
radioactive contaminants in effluent cr'aters. 
ficant, nonradioactive, water pollution source, and it does not represent a direct 
threat to human health from nonradioactive contaminants in effluent waters. 

The Plmt does not constitute a signi- 

Contaminants in Effluent Air 

Release limits utilized for nonradioactive contaminants in air during normal 
Plan?. operations are those ipecified in regulations issued by the State, under the 
State Implementation Plan. 
Rocky Flats Plant include sulfur dioxide, nitrogen cxides, and unburned hydrocarbons 
from the various Plant boilers (see Tables 2.6.6-2, 2.6.6-3. and 2.8-2). 
are beryllium, carbon tetrachloride, hydrocarbail vapors, and trace quantities of 
other materials and chemicals from various manufacturing facilities. 
at Rocky Flats are listed in Table 2.8-1. 

The nonradioactive, airborne contaminants released by tke 

Also included 

Chemicals used 

Of these potential pollutants, beryllium presents the greatest potential health 
hazard because of  its toxicity and because 0.f the relatively large qudntities handled 
by the Plant. As discussed in Section 2.5.3.1, all facilities in which beryllium is 
processed are eqiipped with exhaust air filtrqtion systems. 
HEPA (High Efficiency Particulate Air) filters, cyclone separators, and oil impinger 
prefilters. In additios. all effluent exhaust systems are isokinetically sampled on 
a continuous basis. 
determined using the atomic absorption method (Sokowski, 1968). Table 3.1.1-9 lists 
the monthly and annuai amounts of beryllium reledscd from 1971 through 1977. 
through Ijecember 1977" have been well below the applicable EPA limits and do not 
represent a significant environmental impact. 

These systems utilize 

iffluent berylliu;; concentrations from appropriate buildings ,re 

Releases 

An automated flue-gas uc- ,oring system is being installed to monitor sulfur 
dioxide, carbon monoxide, and unburned hydrocarbons emanating from the various Plant 
heating boilers. 
nants are minimized and no sslfur dioxiae IS produced because of  the lack of sulfur 
compounds in natural gas. As discussed in Sectio? 2.6.6.1, snd ds shown in Table 
2.6.6-2, a maximum nitrogen oxide concentratLon of 260 ppm results from boiler 
operation with natural gas. Operation using the backup fuel supply, $6 fuel oil, 
does result in higher contaminant release, and the presence of sulfur in the fuel 
produces some sulfur dioxide in the flue gas. 
nitrogen oxides and $20 ppm sulfur dioxide have Leeq recorded while burning fuel oil. 
Emission rates of carbor, monoxide and unburned hydrocarbons average less than 15 ppa 
and 2.5 ppm, respectively. Other nonradioactive air contaminant releases from manu- 
facturiqg facilities are characteristically low because of sophisticated, exhaust-air 
filtration systems used to trap radioactive materials, as described in Section 2.7.1. 

When natural gas is used during bciler operation, flue-gas contami- 

Haximum concentrations of 400 ppm 

SA recent (February, 1978) fire released -14.5g of beryllium. See Sectiori 3.2.1 for an analysis of the impact of a hypothetical maximum credib?e berylliw fire. 

i 
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TABLE 3.1.1-9 
BERYLLIUM RELEASES 

(grams 1 

,/’ 
. .  

\ 

. -  

/ 

! 

1971 1972 1973 1974 1975 1976 1977 

Jan. 
Feb. 
Mar. 
Apr . 
nay 
June 
July 
Aug . 
Sept. 
Oct. 
Nov . 
Dec . 

0.823 
2.092 
1.239 
0.699 
0.619 
0.370 
4.491 
0.802 
0.881 
0.519 
0.094 
4.201 

0.16 
0.18 
0.22 
1.2 
0.15 
0.38 
0.24 
0.37 
0.41 
0.25 
0.37 
0.32 

0.23 
0.28 
0.15 
0.. 22 
0.09 
0.14 
0.33 
0.34 
0.55 
3.32 
0.75 
0.70 

0.71 
0.39 
1.20 
0.87 
3.17 
1.38 
2.29 
0.22 
0.23 
0.15 
0.20 
0.18 

0.39 
0.62 
0.40 
0.31 
0.70 
0.20 
0.38 
0.18 
0.15 
0.63 
0 . 4 2  
0.81 

0.44 
0.25 
0.18 
0.18 
0.28 
0.34 
0.24 
0.30 
0.22 
0.20 
0.39 
0.68 

0.19 
0.32 
0.66 
0.52 
0.22 
0.24 
0.31 
0.28 
0.54 
0.44 
0.26 
0.95 

Total 16.83 4.25 7.08 10.99 5.19 3.70 4.93 
Standard(’) 3,650 3,650 3.650 3,650 3,650 3,650 3,650 
% of Stand. 0.46 0.12 0.19 0.30 0.14 0.10 0.14 

- 
Concentration(2) 

Standard(3) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

C avg. 0.0013 0.0002 0.0015 0.0023 0.0004 0.0003 0.0003 
C m a .  0.209 0.054 0.144 0.43 0.40 0.015 0.158 

% of Stand. 13.0 2.0 15.0 23.0 4.0 3.0 3.. 0 

1. Maximum permissible limit established by the EPA is 10 grams per 

2. 
day per stationary source. 
Concentrations in micrograms per cubic meter (pg/m3) based on stack samples 1 

I C avg - average monthly concentration 
C max - maximum single sample concentration 
(The Rocky Flats’ self-imposed internal goal for berylliun 

3. Standard in pg/ms applies to average monthly concentration in ambient air. 

in air is 0.005 pg/m3, one-half the official standard.) 
The permissible exposure level o f  2.0 pg/m3 for an eight-hour time-weighted 
average (with a ceiling concentration of 5.0 pg/m3 for a 10-minute exposure) 
is used by OSHA. 
30-minute peak concentration. The EPA standard for a 30-day exposure to the 
general public is 0.01 pg/m3. 

The maximum permissible exposure level is 25 pg/m3 for a 

*. 
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All emissions are within regulations of the State of Colorado as amended in 1977, for 
emissions for which applicable ref,ulations exist. 

/ 
Normal operation of the Rocky Flats Plant results in small releases of contami- 

Comparison with established limits show these releases to be nants in effluent air. 
below the applicable limits; consequently, they do not represent a significant 
environmental impact or threat to human health. 

Effects on Other Life Forms 

The effects of nonradioactive contaminant releases on life forms other than man 
are, at best, difficult to quantify. Both the diversity of species and complex 
interrelationships between species and between aquatic and terrestrial environs 
require long-term ecological monitoring programs. 

Several studies have been carried out at Rocky Flats to assess the biological 
impact on the aquatic and terrestrial ecosystems. 
by Rocky Flats, by universities under contract to ERDA (now DOE), and by othez govern- 
ment laboratories. 
detailed description of these programs and their findings to date is presented in 
Sections 2.10.4.1, 2.10.4.2, and 4.1.3. 

These studies have been conducted 

Table 3.1.1-10 summarizes these past and continuing studies. A 

The most extensive study of nonradiological impacts was conducted on the aquatic 
environs from July 20 through August 17. 1973 (Zillich, 1974). This period was 
chosen because streams at that time of the year are normally at low flow; conse- 
quently, the impact of waste discharges would be most evident. 
cussion summarizes this stud.. and its results and is indicative of the nonradio- 
logical impact that normit Plant operation has on aquatic life forms. 

The following dis- 

The biotic parameters were subdivided by trophic levels as follows: the primary 
I 

/ 
- producers or green plants, the primary consumers (essentially the aquatic macroinver- 

tebrates), and the secondary consumers such as fish and man. 
groups within the primary producers studied were phytoplankton, rooted aquatics, and 
periphyton. 
drastically in response to minor changes in water quality. 
tions were considered most indicative of impact variations in primary production. 
The periphyton populations were much higher at sites receiving waters from the waste- 
water treatment plant. 

The three major sub- 

These plant populations are nutrient dependent and often fluctuate 
The periphyton popula- 

A comparison of periphyton growth in Woman Creek, which receives only surface- 
water runoff from precipitation,and in Walnut Creek, which does contain nutrients 
from sanitary waste effluents, indicated that 15 times more primary production occurred 
in Walnut Creek than in Woman Creek. If the discharge o f  nutrients were to continue 
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TABLE 3.1.1-10 
SPECiAL ENVIRONMENTAL STUDIES AT ROCKY FIATS* 

Colorado State University: 
Studies o f  Deer near Rocky Flats 
Plutonium Levels in Terrestrial Ecosystems 
Plutoniw Levels in Aquatic Systems 
Restoration and Revegetation of Soil 
Wind Tunnel Studies of Plume Dispersion 

University of Colorado: 
Plutonium Transport by Needle Ice 
Plutonium Transport by Pollen 
Vegetation Mapping 

ERDA Health and Safety Laboratory (now called Environmental Measure- 
ments Laboratory) : 

Resuspension of Plutonium 
Vertical Transport of Plutonium 
Horizonta: and Vertical Distributions o f  

Interrelat io:ts of Soil and Airborne Plutonium 

Time Trends in Plutonium Concentrations in 

Plutonium and Americium in the Soil 

Concentrat:ons 

Air Near Rocky Flats 

EPA - Las Vegas: 
Plutonium in Cattle near Rocky Flats 
Studies of Plutonium in People Living near Rocky Flats 

Rocky Flats: 
Pond Ecology Studies 
Remote Sensing for Ecological Monitoring 
Ecological Honitoring 
Plutonium in Soil Particle Size Studies 
Plutonium Solubility in the Environment 
Chromosome Aberrations in Plutonium Workers 
Plutonium Transport through Soil 
Soil Decontamination 
Plutonium, Strontium, and Cesium in Background 
High Altitude Fallout Study 

Battelle Pacific tiorthvest Laboratories: 
! Resuspension and Particle Size o f  Plutonium in Soil 

Oak Ridge National LabOrdtOry: 
Particle Size o f  Plutonium in Soil 

U. S .  Geological Survey 
Hydrological Happing o f  Groundwater 

%References to environmental studies concerning Rocky Flats are given in 
Section 2.13. 
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at the level present during the study, the elevated algae growths could eventually 
lead to filtering and taste o r  odor problems in Great Western Reservoir. 
this possibility, Broomfield treats the reservoir, as needed, with copper sulfate to 
reduce algae growth. 

To alleviate 

Phosphorus, the key element for the promotion of such growth, was more abundant 
in Walnut Creek than in other streams in the vicinity of the Plant site at the time 
of the study. Phosphate concentrations have been reduced since the study was con- 
ducted; consequently, the primary production-should now be less. All laundry waste 
is now being impounded and no longer leaves the Plant site. 
remaining phosphorus that was being discharged from the sewage-treatment plant is 
being removed by a recently installed, phosphorus-removal treatment system. 

In addition, 80% of the 

The primary consumers, macroinvertebrates such as snails, clams, mayflies, and 
crayfish are excellent monitors of long-term water quality. 
quality, the more diverse the macroinvertebrate populations tend to be. It is most 
significant tha; the diversity of macroinvertebrates in Walnut Creek, which was made 
up almost excltisiwly of Rocky Flats Plant waste discharges, was comparable to that 
in Woman Creek, a stream receiving essentially no dischdrges. 
sensitive sidesw,mmers, mayflies, and caddisflies are present in Walnut Creek. This 
is indicative of a continuously high-quality discharge. 
sensitive to insensitive organisms was better than in any other Denver-area stream 
studied by the Federal Water Pollu'ion Control Administration [now incorporated into 
the Environmental Protection Agenc) (USDI, 196711. 

The better the water 

Even relatively 

The diversity and ratio of 

Secondary consumers such as fathead minnows, green sunfish, and western whi:e 
suckers were found inhabiting Walnut Creek. Viable eggs, fry, and adult fathead 
minnows in spawning condition were observed i R  all drainages leaving the Plant site. 
This is significant because fatheads have been the most widely studied fresh water 
fish for determining the effects of potential pollutants on fish reproduction (Arthur 
and Eaton, 1971; Mount, 1968; Brungs. 1971; Brungs, Cctober 1971; Brungs, 1969). The 
reproduction of these fish in Rocky Flats wastewater is a good indicator of the 
quality of the Plant's wastewaters. 

I 

Native fish from Great Western Reservoir and introduced fish held in live cages 
in Walnut and Woman Creeks were afialyzed for chlorinated hydrocarbons. 
gave no reason for concern when compared to current Food and Drug Administration 
guidelines. Even the flesh of all fish held in South Walnut Creek at the Pond B-4 
outfall were below 2 . 5  ppm for all solvents and polychlorinated biphenyls (Zillich, 

The results 

1974) .  

In summary, the data indicate that nonradiological effluents from Plant opera- 
tion have had no significant, detrimental impact on the aquatic environment. 

3-27 



3.1 .2  Radiological Impact Assessment 

. 
'.. 

The radiological impact from routine operations results from low-level, chrcnic 
releases from Plant buildings and on-site contaminated areas. The source term has 
been reviewed and revised since issudnce of the DEIS based on current operations, 
procedures, and measured data. The assessment of the impact of these releases on 
persons residing within 50 miles of the Plant will be made in this section. 

The assessment of the radiological impact on off-site persons involves the 
following steps. First, the source term must be determined. The source term is the 
amount of each rL4ionuclide released from the Plant site, in units of curies per 
year. The radio.logica1 source term from future, normal operation of Rocky Flats 
consists crf airborne and waterborne sources. 
delivered, via the various pathways, to persons residing at various distances and 
directions from the Plant must be determiqed. The pathways pertinent to routine 
releases are inhalation of both the initial, unsettled airborne material and the 
material resuspended into the air from the soil, food and water ingestion, and irradia- 
tion by radionuclides deposited on the ground (called ground plane irradiation). The 
third step is to determine the dose received by a person from exposure to the radio- 
nuclides. Computer codes and equations based on recommendations of the International 
Commission on Radiological Protection are used to calculate doses t o  a person who 
inhales or ingests radionuclides. Since plutonium and some other radionuclides are 
not uniformly distributed in the body, the dose to a person will be determined for 
both the total body, and also the liver, bone, and lungs, which are the organs of 
major concern for plutonium and ot'ler radionuclides which comprise the source term. 
Perspective for the impact of the doses is provided by a comparison with the organ 
doses received by a person from catural radiation sources (called background radiation) 
and by an estimate of the risk o f  cancer mortality. 
as the primary dose has been 3eemphasized as a result of comments on the DEIS. * 

Secondly, the amount of each radionuclide 

The use of the total bady doses 

This section presents the results of detailed calculations. For a complete 
description of these calculations, see Appendix F. It is intended that the informa- 
tion provided in Appendix F will allow a person with no knowledge of radiation dosi- 
metry but with mathematical skills to reproduce any dose value presented in this 
Chapter . 
3.1.2.1 Radiological Source Terms for Airborne Releases 

The airborne sources include releases from Plant buildings and the continued 
resuspension of plutonium from on-site soils in tne vicinity of the past oil drum 
leakage (described in Section 2.3.9.1). 

The radioactive airborne releases from past operation are discussed in Section 
2.7 .2 .  These releases were used in the development of the airborne source term for 
future operations. Table 3.1.2-1 shows the total airborne source term used to des- 

--. 
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cribe all future, noma1 operations of the Plant. 
considered to be overestimates. 

The values in this table are 

TABLE 3.1.2-1 
ANNUAL AIRBORNE S3LJRCE TERM FROM FUTURE NORMAL 

OPERATION OF ROCKY FLATS 
Release from 

Plant Resuspensioa 

( Ci) (PCi 1- (IrCi )6 
Buildings From Soil Total 

-- 5 x 10 
Uranium- 234 106 +* 106 

Radionuclide 
Tritium (3H)* 

Uranium-235 4 ++ 4 
Uranium-236 . 0.4 ** 0.4 
Uranium-238 89 ** 89 
Thor i i-m- 231* 4 - -  4 
Thorium- 234* 89 - -  89 
Plutonium-238 2 103 105 
Plutonium-239 80 3,503 3,583 
Plutonium-240 18 794 812 
Plutonium-241* 509 22.374 22,883 

Americium-241 50 880 930 
Miscellaneous Alpha 1 0 1 

* 

Plutonium-242 2 10-3 7.1 x 7.3 x 10-2 

Emitting Radionuclides 

*Beta Emitter 
**Some uranium was also released as a result of leakage from the oil drums stored 
outdoors (See Sec. 2.3.9.1). The uraciuln source term is negligible in comparison 
to the plutonium and americium source terms. 

The source term for tritium from Plant buildings for future, normal operation is 
five curies per year (5 x 10 As shown in Table 2.7.2-3, the annual tritium 
releases for 1975-1977 were below five curies. The Plant has established an adminis- 
trative limit of 0.1 Ci per month on the total amount of tritium which may be received 
for chemical processing at the facility. 
administrative limit, the five curie source term is not expected to be exceeded in 
the future. 

6 pCi/yr). 

Based on the 1975-1977 releases and the 

$ 

The annual uranium source term from Plant buildings is 100 pCi/yr of uranium 
alpha activity from depleted uranium plus 100 pCi/yr of uranium alpha activity from 
highly enriched uranium. The source term for each uranium isotope presented in 
Table 3.1.2-1 was calculated from the 100 pCi/yr source terms and the isotopic compo- 
sition for uranium presented in Table 2.7.2-4. Thorium-231 and thorium-234 are 
daughter products of uranium. 
equal to the activities of the respective parent uranium isotopes. 
also includes these two isotopes as part of the uranium source term. 

The activities of these beta emitting isotopes are 
Table 3.1.2-1 
Past releases 
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o f  alpha activity from depleted uranium and enriched uraniua. facilities are shown in 
Table 2 . ’ ) . ? - ~ .  As described in Section 2.7.2, major effluent filtration in,provements 
were mado A n  1970. The history of releases since 1970 is considered to be indicative 
of  probable future releases. 
facilities from 1971-1977 were all below 100 pCi, which is used as the source term. 

Annual releases from depleted and enriched uranium 

The source term for plutonium alpha activity from Plant buildings is 100 pCi/yr. 
The activities of the plutonium isotopes listed in Table 3.1.2-1 were calculated from 
the isotopic composition of Rocky Flats plutonium, as given in Table 2.7.2-2. 
the exception of plutonium-241, which is a beta emitter, the summation of the remaining 
plutonium isotopes yields the 100 pCi/yr total of plutonium alpha activity. 
airborne releases from plutonium facilities are shown in Table 2.7.2-1. 
filtration system improvements made in 1970 also resulted in reduced emissions from 
plutonium facilities. The 100 pCi/yr source term is based on the annual releases 
from 1971-1977 and 011 the administrative controls described in Section 2.7.2. 

With 

Past 
The effluent 

The source term for americium alpha activity from Plant buildings is 50 pCi/yr. 
Americium-241 is present in Rocky Flats plutonium as the result of radioactive decay 
of plutonium-241. 
results in an americium-to-plutonium activity ratio of from 0.1 to 0.2. During 
processing, americium is separated from the plutonium, and this separation can result 
in a ratio for materials released different from the ratio which existed in the 
mixture. 

Rocky Flats plutonium is, in general, about 10 years old*, which 

Americium concentrations were measured in the effluent from a facility where 
americium has been handled in the chemically separated.fom The americium to pluto- 
nium alpha activity ratio in the effluent did not exceed O . S . .  The 50 pCi/yr source 
term for americium is based on an americium-to-plutonium alpha activity ratio of 0.5 
and the plutonium source term of 100 pCi/yr. 

/ 

In addition, a source term of 1 pCi/yr of miscellaneous alpha emitting isotopes 
was included. This source term includes additional isotopes of thorium. curium, 
neptunium, and uranium which are handled at Rocky Flats. The total amounts of these 
materials (gram quantities) are much smaller than for plutonium or uranium; therefore 
the expected source term is much smaller than that for plutonium or uranium. Fleasure- 
ments of curium before effluent filtration have substantiated this expectation. 

, 
The source term from resuspension of plt.tonium in on-site soil i s  4400 pCi/yr 

of plutonium alpha activity. Extensive field measurements and calculations have been 
performed on reentrainment (resuspension) of the plutonium from a Rocky Flats test 
site (Michels, 1973). These measurements indicate that the fraction of the plutonium 

_-- 

%Created t y  reactor about 10 years ago. 
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in soil which will be reentrained each year is about 6.3 x 
the plutonium source term from the on-site plutonium not covered by the asphalt pad 
(‘6.9 Ci) was calculated to be about 4400 pCi/yr. 
isotopes in Table 3.1.2-1 were calculated from the isotopic composition in Table 

Using this fraction, 

The activities of the plutonium 

2.7.2-2. 

Americium is present in the soil as the result o f  plutonium-241 beta decay. On 
the basis of measurements of the on-site americium-to-plutonium alpha activity ratio, 
the americium activity will not exceed 0.2 times the plutonium alpha activity. Based 
on the maximum ratio and a plutonium source term of 4400 pCi/yr, the americium source 
term was calculated to be 880 pCi/yr. 

3.1.2.2 Radiological Source Term for Drinking Water 

Feasible mechanisms for transport of radioactive materials of Rocky Flats origin 
to drinking water supplies are (1) the surface water drainage systems (waterborne 
source) and (2) deposition onto the water bodies from the air (airborne source). 

Waterborne radionuclide concentrations are determined by tracing the flow of 
water effluents from the Plant to nearby reservoirs which serve as raw water supplies 
to population areas. 
and 2.3.9-3, surface runoff and treated sanitary effluents from Rocky Flats flow 
exclusively through two water courses, Walnut Creek and Woman Creek, which flow into 
Great Western Reservoir and Standley Lake, respectively. Therefore, radionuclides in 
Rocky Flats waterborne effluents may be present in community drinking water obtained 
from these two reservoirs. Additionally, the airborne deposition of radionuclides of 
Plant origin onto nearby reservoirs is considered to be a possible contributor to the 
radiological impact of future normal operations. 

As described in Section 2.3.5.1, and depicted in Figures 2.3.9-2 

Great Western Reservoir and Standley Lake receive water from Rocky Flats drainage 
- systems. In population areas supplied by Great Western Reservoir and Standley Lake, 

measured concentrations of radionuclides in tap water were used to calculate dose 
commitments from future normal operations. These concentrations represent maximum 
expected values attributed to Rocky Flats origin and are presented in Table 3.1.2-2. 
Samples of Broomfield and Westminster tap water were used for plutonium, americium, 
and uranium. Samples from Great Western Reservoir and Standley Lake were used for 
tritium concentration measurements. The concentrations for plutonium and americium 
in drinking water from Great Western and Standley Reservoirs are based on a review of 
tap water data from the years 1974 through 1977. Averages for these years are in all 
cases less than 0.1 pCi/l without background correction. 
the maximum expected concentration, an intentional overestimate. More recent data 
show plutonium concentrations in tap water of -0.02 pCi/l or less. In the case of 
tritium, an estimated regional background of 500 pCi/l was subtracted (Rockwell, 
1978 1. 

The sourcz term is therefore 
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TABLE 3.1.2-2 
MAXIMUM EXPECTED RADIONUCLIDE CONCENTRATIONS IN TAP WATER 

RESULTING FROM FUTURE NORMAL OPERATIONS 

Concent rat ion (pCi/l) 
Isotope Great Western Reservoir Standley Lake 
Pu-239 and Pu-240 0.1 0.1 
Am-241 0.1 0.1 
Uranium 2.0 2.0 
Tritium 200 100 

No other regional water supplies receive water from the Rocky Flats drainage 
systems. Therefore, the concentrations of radionuclides of Rocky Flats origin can 
result only by deposition onto these water bodies from airborne radionvclides. A 
report (Denver Water Department, 1975) prepared €or the Colorado State Legislature 
Hetropolitan Water Studies Committee gives the current and projected water require- 
ments and resources for the Denver metropolitan area. The following is a list of 
major reservoirs that serve as water supplies for the Denver metropolitan area: 
Gross Reservoir, Ralston Reservoir, Dillon Reservoir, Homestake Reservoir, Eleven 
Hile Reservoir, Lake Cheesman, and Standley Lake. Additionally, surface water 
sources include the South Platte River, Clear Creek, St. Vrain Creek, Boulder Creek, 
South Boulder Creek, and Cherry Creek. With the exception of Standley Lake, these 
reservoirs and streams do not receive water from the Rocky Flats drainage systems. 
Therefore, the only mechanism €or transport of radionuclides from Rocky Flats to 
other Denver metropolitan water supplies is the airborne pathway. Concentrations of 
radionuclides in water supplies other than Standley Lake were determined by modeling 
airborne releases (see Appendix F ) .  

3 . 1 . 2 . 3  General Methodology €or Dose Calculations 

For this Impact Statement the primary eEphasis is placed on the dose received by 
a person (reference man) living in the vicinity of the Plant for a period of 70  years. 
This dose will be called the 70-year dose from 7 0  years of Plant operation. The unit 
of dose equivalent is the rem. In this Impact Statement, the terms "dose" and "dose 
equivalent" are used interchangeably. 
energy absorbed in a unit mass of the absorbing material, 2 )  a quality factor, which 
adjusts the value for the relative biological effect from different types of radiation, 
and 3) a distribution factor, which adjusts for possible nonuniform distribution of 
energy deposition in an organ or tissue. One rem of dose to a tissue or organ from 
X ray or gamma radiation is therefore equivalent in biological effect to one rem of 
alpha radiation to the same tissue, when appropriate quality and distribution factors 
are used. Rem doses from all types of radiation are directly additive for a given 
mass of tissue or organ. Reference man refers to the adult male with organ masses 

The dose in rem is the product of 3)  the 

/-- - 

b 
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and intake rates defined by ICRP Publication #!23 "Report of the Task Group on Reference 
Man" (ICRP. 1975). The doses to individuals other than reference man are also consi- 
dered, using organ masses and intake rates dcrived from ICRP Publication #23. 

The 70-year dose from 70 years of Plant operation to a person living within 50 
miles of the Plant is the sum of doses received via inhalation, food and water inges- 
tion, and ground plane irradiarion. The following are some of the considerations for 
the determination of the contribution to the total dose from each of the pathvsys. 

For the inhaIation pathway. a persoh was assumed to inhale radionuclides both 
from the airborne chronic release and froa: radionuclides deposited on the ground and 
then resuspended. The amount of the resuspended material inhaled over the 70 years 
is equal to 0.86 of the amount inhaled from the chronic release (see Appendix F for 
the derivation of this factor). For Am-241 there is an additional contribution, 
since Am-241 is produced from beta decay of deposited Pu-241. 
resuspensiop of this Am-241 is equal to 4.7 x times the airborne source term for 
Pu-241 (see Appendix F for the derivation of this factor). The dispersion of the 
airborne release to locations within 50 miles of the Plant was determined by multi- 
plying the total airborne source term (in units of activity reisased per second) by 
the dispersion factor (x/Q, in units of sec/m ), discussed and tabulated in Appendix 
B-2. The product is the radionuclide concentration in air at the point of interest, 

3 in units of curies per cubic meter (Ci/m ). Comparison with measured concentrations 
shows that this method of calculation overestimates the concentration of airborne 
radionuclides (Rockwell. 1978). The dose to the organs o f  a person inhaling air with 
that radionuclide concentration can be calculated by use of dose conversion factors, 
generated from the DACRIN computer code (Houston et al., 1974). The DACRIN code, 
developed by Battelle-Pacific Northwest Laboratories, is based on a model recommended 
by the ICRP in the report of the Task Group on Lung Dynamics (ICRP, 1966). updated by 
recornendations in ICRP Publication 819 (ICRP, 1972). Dose conversion factors gene- 
rated by the DACRIN code are presented in Appendix F. 

The contribution from 

3 

For analysis of the food ingestion pathway, it is first necessary to estimate 
ithe fraction of a person's diet which could be affected by effluents from Rocky 
'Flats. Uptake through roots, intake of forage by grazing animals, intake of feed 
grains by animals, and deposition on vegetables and fruit were all considered for the 
food pathway. 
via airborne releases, which then can be deposited directly on vegetation or on soil. 
It was assumed that the fraction of the diet which contributes to the dose was produced 
at the location of each consumer. 
most sites of major food production in the SO-mile vicinity of the Plant are farther 
from the Plant site than the locations of the major population centers. Modeling of 
the uptake by plants and animals and generation of subsequent dose conversion factors 
for doses to the organs of consumers is accomplished by the FOOD computer code (and a 
derived code PABLM) developed by Battelle-Pacific Northwest Laboratories (Baker, 
1977). 

The only significant pathway o f  radionuclides to food was found to be 

This assumption tends to be conservative, since 
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For the water ingestion pathway, the drinking water source terms, presented and 
discussed in Section 3.1.2.2, were used for persons consuming water supplied from 
Great Western and Standley Reservoirs. 
airborne releases was used to determine the extent of contamination of other water 
supplies. See Appendix F for details of this calculation. Dose conversion factors 
for water ingestion were derived from basic principles (see Appendix F) using data 
drawn from ICRP Publications 112 and 19 (ICRP, 1959 and I C W ,  1972) and from the EPA 
Summary Report "Proposed Guidance on Dose Limits for Persons Exposed to Transuranium 
Elements in the General Environment" (USEPA, 1977). 

For all other persons, dispersion modeling of 

For the dose from ground plane.irradiation, the method of calculation was to 
determine the ground surface concentration (curies per square meter) as a function of 
time f o r  a chronic release, multiply that function by the dose conversion factor 
generated by the EXREn computer code (Trubey and Kaye, 1973), and then integrate the 
close over 70 years. 
details of the calculation. The dispersion of the released material to locations at 
various distances and directions from the Plant was accompzished, as for the other 
pathways, by thL multiplication of the airborne source term by the x/Q dispersion 
factor, accompanied by deposition at the location of interest. No depletion of the 
plume was assumed until it reached the location of interest. This conservative 
assumption was used for all pathways. 

Refer to Appendix F for the derivation of the function and the 

The dose to a person at a given distance and direction from the Plant is the sum 
of the doses from all of these pathways. 

3.1.2.4 Impact Assessment for Normal Operations 

The 70-year organ doses (rem) from 70 years of exposure to routine Plant releases 
to reference man were expanded from the DEIS to show doses to individuals for sixteen 
directions and at eight distances from the Plant, and are presented in Table 3.1.2-3. 
Each value in this table is the sum of de-es from inhalation, food and water ingestion, 
and ground plane irradiation. 

Although the values in Table 3.1.2-3 are for reference (adult) man, values for 
other individuals can be obtained in this FEIS as compared to the DEIS. 
4 presents values of the ratio to reference (adult) man for males and females who 
begin the 70-year exposure at an age less than 20 years and for adult females. 
the ratios are composited in proportion to the dose contribution from each pathway, 
t h e  composite ratio i s  1.35 or less for any organ and for any individual. 
one can apply the values presented for reference man to all other individuals with a 
maximum possible underestimate of 35%. 

Table 3.1.2- 

When 

Therefore, 
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TABLE 3.1.2-3 

FROM CHRONIC RELEASES 
70-YEAR DOSE TO REFERENCE MAN FROM 70 YEARS OF NORMAL PLANT OPERATION 

Distance 
Direction (miles1 

le 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

“E 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

NE 2-3 
3-4 
4-5 
9-10 
10-20 
20-30 
30-40 
40-50 

Organ Dose (rem) to Reference M a n  
Bone - L i v e r  Total Body - 

4.5 5.7 10-3 1.3 10-2 
2.9 3.7 10-3 8.2 10-3 
2.0 2.6 10-3 5.8 10-3 
7.3 x io-6 9.1 2.0 10-3 
2.8 3.3 7.5 
1.7 1.9 4.3 10-4 
1.2 1.3 2.9 

8.6 ;* 10’’ 1.1 x 2.5 x 

Lungs 

1.1 x 10-2 
5.7 10-3 
3.6 10-3 
2.6 10-3 
9.0 
3.3 
1.9 
1.3 

8.3 x 10” 1.1 x 2.4 x 1.1 x 
4.4 1 0 ’ ~  5.6 10-3 1.3 5.5 10-3 
2.8 1 0 ’ ~  3.5 8.0 10-3 3.5 10-3 
2.0 10‘~ 2.5 10-3 5.7 10-3 2.5 10-3 

2.8 3.3 7.5 3.3 
1.7 1.9 4.3 1.9 
1.2 1.3 2.9 1.3 

7.2 x 8.9 x 2.0 x 8.8 x 

3.8 x 4.8 x 1.1 x 10-l 4.8 x 
2.0 x 2.6 x 5.8 x loS2 2.6 x 
1.3 x 1.7 x 3.8 x 1.7 x 
9.4 i 1.2 2.7 1.2 
3.5 4.4 10-3 1.0 10-2 4.4 10-3 
1.4 10’~ 1.7 10-3 3.9 10-3 1.7 10-3 
8.2 1.0 10-3 2.3 10-3 1.0 10-3 
5.7 7.1 1.6 10-3 7.0 10-4 

M E  2-3 4.5 5.7 10-2 1.3 10-1 5.7 10-2 

4-5+ 1.0 10-3 5.1 1.2 10-1 2.1 10-2 
5-101 9.7 4.5 10-2 1.0 10-1 1.5 10-2 
10-20* 5.9 3.6 10-2 8.2 10-2 5.8 10-3 
20-30 1.6 2.1 10-3 4.7 10-3 2.1 10-3 
30-40 9.7 1.2 10-3 2.8 20-3 1.2 10-3 

3-4 2.4 x 3.1 x 6.9 x 3.0 x 

40-50 6.8 x 8.5 x 1.9 x 8.4 x I O S 4  

*Considered to drink water supplied from Great Western Reservoir 
++Considered to drink water supplied from Standley Lake 
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TABLE 3.1.2-3 (continued) 

Distance Organ Dose (rem) to Reference !fan 
Liver - Bone Lungs Direction jmilesl Total Bodx 

E 2-3** 1.0 9.3 loe2 2.1 10-l 6.3 10-2 
3-4* 8.1 x 6.4 x 1.5 x 10“ 3.4 x 10-2 

io-m** 5.9 3.6 8.3 6.3 10-3 
20-30 1.8 2.2 5.0 1c-3 2.2 10-3 
30-40 1.0 A 1.3 10-j 3.0 1.3 10-3 
40-50 7.3 x zo-6 9.1 2.2 10-3 9.5 

4-5** 7 . 2  x 5.2 x LOs2 1.2 x 10-1 2 . 2  x 
5-lo** 6.7 x loe4 4.6 x loe2 1.1 x 10-l 1.6 x 

ESE 2-3** 
3 - 4** 
4-5** 
5-lo** 
10 - 20** 
20-30 
30-40 
40-50 

SE 2-3  
3-4 
4-5 
5-10 
10-20 
20 - 30 
30-40 
40-50 

I SSE 2-3 
3-4 
4- 5 
5-10 
10-20 
20-30 
30-40 
40-50 * 

I 

1.1 1.1. IO-1 2.4 10-1 7.5 .v 1 0 . ~  

6.9 4.9 1.1 10-1 1.9 

1.2 1.5 3.4 1.5 10-3 
8.5 1.1 2.4 1.1 10-3 

8.6 x 7.0 x 1.6 x 10-1 4.0 x los2 
7.5 5.6 IO-? 1.3 x lo-’ 2.6 x 10” 

6.0 3.7 x 8.6 x 7.3 x 
2.1 x 2.6 x 5.9 x 2.6 x 

4.4 5.6 x 10” 1.3 x 10-1 5.5 x 
2 . 3  x loc4 3.0 x 10’’ 6.7 x 10” 3.0 x 10’’ 

1.1 x 1.4 x 3.1 x lo’* 1.4 x 

1.5 1.9 4.3 1.9 10-2 

4.0  5.0 1.1 5 . 0  10-3 
1.5  1.9 10-3 4.4 10-3 1.9 10-3 
9.0 1.1 2.6 10-3 1.1 10-3 
.6.3 x 7.8 x 1.8 x 7.8 x 

3.0 x 3.8 x 8.6 x 3.8 x 

1.0 x 1.3 x 2.9 x 1.3 x 

1.6 2 . 0  4.5 2 . 0  10-2 

7.3 9.3 2.1 10’~ 9.2 10-3 
2.6 x 3.3 10-3 7.5 10-3 3.3 10-3 
1.0 1.3 2.9 10-3 1.3 10-3 
6.0 1~~ 7.4 1.7 10-3 7.4 10-4 
4.2 x 5.1 x 10’~ 1.2 10-3 5.1 10-4 

*Considered to drink water suppljed from Great Western Reservoir 
*Considered to drink water supplied froa Standley Lake 
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TABLE 3.1.2-3 (continued) 

. Distance 
Direct ion (miles) 

S 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

ssv 2-3 
3-4  
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

sw 2-3  
3-4 
4-5  
5-10 
10-20 
20-30 
30-40 
40-50 

WSW 2-3  
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

Organ Dose (rem) to Reference Man 
Lungs Bone Total Body Liver 

1.7 2.2 10-2 4.9 10-  2.2 x 10- 2 

5.7 7.: 10 1.6 x 10- 7.1 
4.0 5.1 1 . 1   IO-^ 5.1 IO-* 
1.4 1 0 ‘ ~  1 .8  10-3 4 . 0  10-3 1 .8  10-3 
5.3 6.5 1.5 10-3 6.5 

3.1 x i o - 6  3.7 8 . 3  1 0 -  3.7 
2.5  2.1  x 2.5 5.6 .y 

6 . 4  8 . 2  x 1.8 10-2 3.1 10-3 

4.1   IO-^ 5.2 10-3 1.2 10- 5.1 

9 .9  1.2 2 .8  10-3 1.2 10-3 
3.7 4 .4  1 . 0  10-3 !. .4 IO-& 
2.1  2 .5  5.5 2.4  IO-^ 
1 .5  x 1 .6  x 3.7 s 1.6 x 10- 4 

8.9 x 1.1  x 2.6 s 1.1 x loe2  

1 .2  x 1 .6  x 3.6 s 1.6  x 

2 . 9  x 10” 3 .6  x 8.2 s 3.6 s 

1.1 x 1.4  x 3 2 s 1.4 x 
5.8  x 10’’ 7.2 x 1.6 x 10” 7.1 x 
3.5 x 10” 4.5  X 1.0 X ‘J.5 X lo-’ 
2.5  3.1 7 . 1  .K 10-3 3.1 10-3 
8 . 4  1.0 10-3 2.4 10-3 1 .0  10-3 
3.3 3 . 6  8.2  3.6 
1.8 2.0 4.5 2.0 
1.2 1 .3  3.0 1.3 

6.6 x 10’’ 8 .3  x 1.9 x 8.3 x 
3.1 4.2 1.0 4 . 2  19-2 

2.1. 2 .6  10-3 5.9 IO--? 2 . 6  10-3 
1.4 1 .8  x 4 . 1  10-3 1.8 x 10-3 
4 . 9  i o - 6  6.0 1.4 10-3 6.0 10-4 
1.8 x 2.1 ‘4.7 2.1 10-4 

1.1  1.1 2 .5  10’‘ 1.1 
7.6 x 7.3  1.7 7.3 10-5 
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TABLE 3.1.2-3 (continued) 

i 
Distance Organ Dose (rem) to Reference Man 

Direction Jmilesl Total  Body Liver - Bone Lungs 

v 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

WNU 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
4 0 - 5 0  

Nw 2-3 
3-4 
4-5 
5- 10 
10-20 
20-30 
30-40 
40-50 

NW 2-3 

i 4-5 
I 3-4 

5-10 
10 - 20 
20-30 
30-40 
40-50 

3.0 3.9 10-3 8.7 10-3 3.8 10-3 
1.5 1 . 9  10-3 4.3 10-3 1.9 10-3 
9.5 1.2 10-3 2.7 10-3 1.2 10-3 

2.3 2.7 x 6.0 2.6  10-4 
8.9 9.b . 2.3 8.9 10-5 
5.7 4.9 1.1 4.8 10-5 
4.3 x 3.2 x 7 . 3  3.1 10-5 

6.6 x lom6 8.2 x 1.9 x 8.2 x 

3.9 4.9 x 1.1 4.9 10-3 
1.9 2.4 5.5 10-3 2.4 10-3 
1.2 1.5 10-3 3.1 10-3 1 . 5  10-3 

2.8 3.3 7.5 3.3 
1.1 1 .1  2.5 1.1 
6.5 6 . 0  10‘~ 1.4  5.9 10-5 

8.3 x 1.0 x 10-3 2.3 x 10-3 1.0 x 10-3 

4 . 9  x 3 .9  x 8.8 x 3 .8  x l o - ’  

9.8 x lo” 1.3 x 2.8 x 1.2 x 
5.0 IO-’ 6.3 1.4 1 ~ 1 ‘ ~  6.3 10-3 
3.1 4.0 10-3 9.0 10.3 3.9 10-3 
2.2 2.8 10-3 6.2 2.7 10-3 
7 . 4  9.2 10-O 2.1 10-3 9.1 
2.5 x io -6  3.2  7.2 3.1 
1 . 5  1 . 7  3 . 9  1.7  
1 .1  1.1  IO-^ 2.6 1.1 IO-& 

9.3 1 .2  2.7  1.2 10-2 
4.8 6.1 1.4 6.1 10-3 
3.0 3.9 8.7 10-3 3.8 10-3 
2.2 2.7 6.1 10-3 2.7 10-3 
7.6 9.4 2.1 9.3 
2.9 3.4 7.7 1~~ 3 .4  

. 1.7 1.9 4.3 1.9 
1.2 1.3 2.9 1.3 
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TABLE 3.1.2-4 
THE RATIO OF THE 70'-VuIR DOSE FROH 7 0  YEARS OF CHRONIC 

PLANT RELEASES FOR MALES AND F W E S  WHO BECIN EXPOSURE AT AGES LESS 
THAN 20 YEARS '&ID FOR ADULT FEMALES TO THAT FOR REFERENCE YgrN 

(Values are for Pu-239 unless noted otherwise) 

-. Pathway 
Inhalation 
Inhalation 
Inhalation 
Inhalation 
Inhalation 
Ingest ion 
Ingestion 
lnge s t ion 
Ingest ion 
Ingestion 

Start Exposurc 
AS 

Adult Female 
10-year-old Female 
Newborn Female 
10-year-old Hale 
Newborn Hale 
Adult Female 
10-year-old Female 
Newborn Female 
10-year-old Male 
Newborn Male 

Ratio to 70-Year Dose for Reference Man 

1.10 1-15 1.34 1.14 
1 .os 1.10 1.28 1.15 
0 -95 0.49 1.16 1.14 
1.11 0.79 0.93 1.02 
1.02 0.55 0.84 1.04 

0.83 0.84* 0.90 1.02 1.02** 0 . 8 3  

Total Body Liver Lungs 

0.84 0.89* 0.91 1.03 1 . o ~  0.84 
1.81 1.07* 1.65 1.79 i.80** 1.81 
0.94 1.03* 0.96 0.95 0.97** 0.94 
1.47 1.17* 1.43 1.51 1.51** 1.47 

Ground Plane 
Irradiation All Categories 1.00 1.00 1.00 1.00 

*Values for 3 ti (tritium) 

**Values for AD-241 (americium) 

The maximum reference man, defined as the hypothetical individual receiving the 
largest doses to all organs, would reside in the ESE sector (which is the sector for 
maximum annual airborne radionuclide concentration) at a distance of two miles from 
the Plant. He would drink water supplied fT0m Standley Lake and eat food (only that 

total dose by all pathways is shown ir, Table 3.1.2-5 for both average and maximum 
intake rates. For bone, liver, and lungs, more than 70% of the dose results from 
inhalation, of which ,bout YJX results from breathing resuspended material. 
to the total body is dominated by the tritium in the food, water, and air. Tritium 
contributes 95% of the dose to the total body for food ingestion, 57% for water 
ingestion, and 1% for inhalation. 

- fraction of his diet grown locally) grown at his residence. The contribution to h i s  

The dose 

The accumulated organ dose Over 70 years is less than 1.0 rem for all individuals. 
It is informative and valid to compare these doses with correspoiiding doses received 
by Denver area residents from natural radiation sources. Table 3.1.2-6 presents the 
annual and 70-year oi,oan doses from background radiation for the Denver area, based 
on data in NCRP #45 "Nacural Background Radiation in The United States" (NCRP. 1975). 
The fraction of the background doses for the maximum reference man for average intake, 
obtained by dividing values in Table 3.1.2-5 by Corresponding values (total €or 70 
years) in Table 3.1.2-6 are 0.00011 for the total body, 0.010 €OK the liver, 0.020 
for the bone, and 0.0043 for the lungs. For persons residing at other locations, the 
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. TABLE 3.1.2-5 
70-YEAR ORGAN DOSES FROM 7 0  YEARS OF PUNT OPERATION 

TO THE KAXIMUn REFERENCE HAN BY PATHWAYS 

70-Year Organ Dose (rem) f o r  Average Intake 
Pathway Total Bod Liver Bone Lungs 
Inhalation 5.59 x IOy4 7.46 x 10" 1.68 x lo-' 7.41 x 10'' 
Food Ingestion 9.98 x 6.45 x lo-' 1.42 x 9.88 x 
Water Ingestion 5.45 3.05 7.05 5.45 
Ground Plane 1.46 1.46 1.46 1.46 10-5 
Irradiation 

Total 1.13 x 1.05 x 10" 2.39 x 10-1 7 . 4 7  x 

70-Year Organ Dose (rem) for Maximum lntake 
Pathway Total Body -- Liver Bone Lungs 
Inhalation 7.55 x 1.01 x 2.27 x 10-l 1.00 x 10-1 
Food Ingestion 1.97 4.79 9.73 IO-[' 1.97 x 
Water Ingestion 7.57 4 . 2 1  9 . 7 4  7.57 
Ground Plane 1.46 x 10'' 1.46 10'~ 1.46 1.46 10-5 

Total 1.54 x lo-' 1.44 x 10'' 3.25 x 10" 1.01 x 10-1 

Irradiation 

TABLE 3.1.2-6 
DENVER AREA DOSES (REM/YFAR) FROM NATURAL RADIATION BACKGROUND 

- Liver* - Bone Lungs 
5.0 x 5.0 x 10" 5.0 x 10" 

Source 
Cosmic Radiation 
Cosmogenic 

External Terrestrial 7.2 x 10" 7.2 x lo-' 5.7 x 10" 7.2 x 10" 
Inhaled Radionuclides 
Radionuclides in the 

Total for 1 Year 1.5 x 10-r 1.5 x lo-' 1.7 x lo-' 2.5 x 

Total for 70 Years 10.5 10.5 11.9 17.5 

*The values :or total body and liver are considered to be the same as the values 

Radionuclides 7.0 7.0 8.0 7.0 

- - - 1.0 x 10-1 

Body 2 .7  x 2 .7  x 6.0 x 10" 2.4 x lo'* 

reported for the gonads (without the 0.8 shielding factor for the external 
terrestrial source) in NCRP #45. 

f 
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fraction of the background dose is less than these values. The impact of routine 
operation of the Rocky Flats Plant on persons residing continuously in the vicinity, 
as compared io the impact from doses received from unavoidable. natural sources, is 
therefore minimal. 

For a person (reference man) living in the vicinity of the Plant for only one 
year (and then presumably moving away), it is possible to calculate a dose commitment 
over 70 years from one year of intake or exposure to ground plane irradiation. 
Values are presented in Table 3.1.2-7 as the rstio of the 70-year dose from 70 years 
of exposure to the 70-year dose commitment from one year of exposure, for each of the 
pathways . 

TABLE 3.1.2-7 
RATIO OF THE 70-YEAR DOSE FROM 70 YEARS OF EXPOSURE TO 

THE 70-YEAR DOSE COMMlTHENT FROH ONE YEAR OF EXPOSURE 

Ratio of 
70-Year Dose to 70-Year Dose Commitment 

Pathway Radionuclide Total Body Liver __ Bone Lungs 
Inhalation Pu-239 36.7 42.0 38.0 68.0 

Am-241 40.7 42.5 38.5 68.0 
Tritium 70 .0  73.0 70 .0  70 .0  

Ingest ion Pu-239 35.6 40.5 40.3 36.6 
(Food Fi Water) Am-241 40.2 43.0 39.1 37.3 

Tritium 70.0 70.0 70.0 70.0 

Ground Plane 
Irradiation 

Pu-239 35.3 35.3 35.3 35.3 
Am-241 32.9 32.9 32.9 32.9 

For radionuclides that are retained in the body for a long period of time (with 
an effective half-life of tens of years or more). the ratio of the 70-year dose from 
70 years of exposure to the 70-year dose commitment from one year of exposure is 
about 56 to 43, while for radionuclides such as tritium with a short residence time 
(effective half-life is 12 days), the ratio approaches 70. 

For the consideration of the effects of chronic releases, the dose to the indivi- 
dual has been emphasized and presented for sixteen directions and at eight distances 
from Rocky Flats. 
growth in the 50-mile vicinity. 
the upper limit of the dose that he could receive from 70 years of routine operations 
at Rocky Flats. (The risk from accidents will be considered in the next section of 
this chapter. ) 

These doses are independent of the population distribution or 
Any person in the vicinity of the Plant can det,emine 
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TO consider the effects of routine releases On population, the population distri- 
. -  bution was determined for year 1977 and was projected for year 2000, and the population 

per sector and distance intervals was determined (see Figures 2.3.3-1 and 2.3.3-2 in 
Chapter 2). The area demography data have been updated from the DEIS using more 
recent data which reflect increased growth southeast of the Plant. When these popu- 
lation distributions are multiplied by the corresponding organ doses per person 
(reference man) in Table 3.1.2-3 and then summed, the result is the population dose 
in man-rem for that population for 70 years of exposure from routine Plant operations. 
The population doses from such a calculation are presented in Table 3.1.2-8. 

TABLE 3.1.2-8 
POPULATION DOSE (MAN-REM) FRGY 70 YEARS OF ROUTINE RELEASES 

FOR POPUIATION GROUPS BASED ON YEAR-1977 DEMOGRAPHY 
AND ON PROJECTED YEAR-2000 DEMOGRAPHY 

Population Dose (man-rem) to the Population Group over 70 Years 
Total Bod Liver Bone Lungs - 

1977 1.4 x 10 1.2 lo4 2.7 lo4 7.6 103 
2000 2.7 x lo2 2.2 x lo4 5.0 lo4 1.3 lo4  

8- Group 

These doses were calculated based on the assumption that all the population in a 
distance range received a dose equal to that received by a person at the nearer 
distance. For example, for a population residing at 40 to 50 miles from the Plant, 
all persons were considered to  receive a dose as if they were at  a distance of 40 
miles. 

Even the revised projected population demography for the year 2000 does not 
indicate a high density adjacent to the Rocky Flats Plant on the east. If one postu- 
lates a higher density population of 11.4 persons per acre or 7296 persons per square 
mile for the east through south-southeast sectors for distances 2 to 5 miles from the 
Plant, the impact on the population dose can be determined for a maximized situation. 
This value of 7296 persons per square mile is based upon multiplying the average 
family size by the average number of housing units in currently developed Planned 
Unit Developments in the City of Westminster, and developing the entire sector to 
this density. This is a conservative assumption, since there is no allowance for any 
open space or industrial areas. Note that the population density of 7296 persons per 
square mile is a factor of at least 1.56 greater than the density for any section of 
the 1977 population demography as presented in Figure 2.3.3-1. 
the percent increase in the population bone dose for year-2000 demography if the 
hypothetical high density east of the Plant were t o  occur instead of the projected 
demography. 

Table 3.1.2-9 shows 
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TABLE 3.1.2-9 
INFLUENCE OF A HYPOTHETICAL HIGH DENSITY* POPULATION EAST OF THE 

ROCKY FLATS PLANT ON YEAR-2000 WPULATION BONE DOSE 

Population Demography Population 70-Year Percent 
Bone Dose (man-rem) Increase 

Year-2000 as Projected 5.00 x lo4 - 
Year-2000 with high density* 
in eastern** sectors at 2-3 miles 5.40 104 8.0 
Year-2000 with high density* 
in eastern** sectors at 2-4 miles 5.71 lo4 14.2 
Year-2000 with high density* 
in eastern*sectors at 2-5 miles 5.99 lo4 19.8 

m 9 b  persons per square mile 
**E, ESE, SE, and SSE sectors 

The unit of dose equivalent, the rem, is an indirect measure of potential health 
effects. Attempts have been made to assess the risk in terms of health effects or 
genetic damage that might result from dose commitments made to general populations. 
The National Academy of Sciences in the BEIR Report (NAS, 1972) assumed a no-threshhold 
model of dose-to-effect relationship to derive quantitative risk estimates. The BEIR 
Report does not imply that health effects will be observed at all dose levels. The 
Report states that, in the absence of sufficient data to prove a true relationship, a 
no-threshhold linear model should be adopted as a conservative estimator of potential 
risk. 
rest on conservative assumptions; there is no experimental basis for choosing between 
these estimates and an estimate of zero risk. The National Council on Radlation 
Protection and Measurements (NCRP) has warned Federal agencies against making quanti- 
tative health effect estimates based on population dose. when individual exposures 
are low relative to the RCC's. This Environmental Lopact Statement presents risk 
assessments based on the BEIR Report to reflect all possible potential risks. 

It must be emphasized that the interpolated risk estimates of the BEIR model 

Et should be noted that effects of irradiation from external sources, Japanese 
survivors of the atomic bomb in particular and irradiated spondylitics, were heavily 
weighted in arriving at risk estimates in the BEIR report. The BEIR Report makes 
estimates of absolute risk and relative risk. The lowest is the absolute risk model 
with a 30-year plateau, referred to as the "absolute model." The highest is the 
relative risk model with a lifetime plateau, referred to as the "relative model." 
the tables on pp. 169 and 171 of the BEIR Report (NAS, 19721, excess deaths from 
cancers other than leukemia for the U . S .  population, per 0.1 r a  per person per year 
(20 million man-rem per year), are predicted as 1,210 by the "absolute model'' and 
8,340 by the "relative model." 

In 

The fraction of different cancer types given in the BEIR Report, along with the 
assumption that liver cancers will be induced in direct proportion to their incidence 
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in the Hiroshima-Nagasaki survivors, was used to calculate the cancer mortality risk 
values shown in Table 3.1.2-10. Also shown in Table 3.1.2-10 are the single number, 
estimate values considered by EPA (USEPA, Uay 1974) and the Colorado Department of 
Health (CDH, 1976) to represent the cancer mortality risk, which is withia the BEIR 
Report risk range.* 
3.1.2-10. 
imply official mandating or recommendation of any particular cancer risk estimate, 
but are chosen as reasonable estimates of potential cancer risks so as to clearly 
present risk data. 

Final values chosen for this report are also shown in Table 
The values chosen for this Environmental Impact Statement are not meant to 

Note that also shown in Table 3.1.2-10 are potential genetic effect risks based 
on the BEIR Report data. The uccertainties in the genetic risk estimates are large, 
but Newcombe (1975) suggests thdt the true risk values are near the lower end of the 
BEIR Report range. The population dose to be used in conjunction with these genetic 
risk numbers should be that to the reproductive organs, of .*hich dose to the gonads 
of man is the primary concern. 
in gonads (Durbin. 1973 and Richmond and Thomas, 1975) the dose to the gonads will be 
less than the total body dose (i.e.. no concentration o f  actinides it! gonadal tissue 
is assumed). There i s  some controversy on this issue, but the use of total body dose 
as 8 pessimistic estimate o f  gonadal dose has been sbpported by NRC staff and is 
corrsistent with dose conversion values used by ERDA in the LMFBR statement (USERDA, 
1975). 
doses and assuming 300 effects per lo6 man-rem as shown in Table 3.1.2-10. 
treatnient is considered conservative. but again is not meant to represent an official 
recommended value for genetic r i s k .  

Based on the best estimates of deposition of actinides 

Potential genetic effects in thls EIS will be calculated using total-body 
This 

When one multiplies the values of risk of cancer mortalities o r  genetic defects 
per man-rem, given in Table 3.1.2-10. by the values of the 70-year dose for the year- 
1977 or the year-2000 population groups, given in Table 3 1.2-8. the result is the 
possible number o f  effects €or that population group over 70 years from a continuous 
70-yeat exposure from routine releases from the Rocky Flats Plant. The results of 
this calculation are presented in Table 3 . 1 . 2 - 1 1 .  

i The possible number of effects, given in Table 3.1.2-11, totals less than 1 for 
the 1977 population group, consisting of 1.8 million persons, over a time period of 
70 years, a?id 1 for the year-2000 population group of 3.5 million persons. 
shown that the possible health effects over 7 0  years in any population which is beyond 
the 50 mile distance from the Plant and which may be affected by radioactive effluents 
from the Plant is much less than the values presented in Table 3.1.2-11. As stated 
in the conclusion to Appendix C-1. by R. C. Thompson and W. J .  Bair of Battelle- 
Pacific Northwest Laboratories. since these values are already so small, "...it 

It can be 

*Note that the BEIR Report, page 170, does indicate that the relative risk model, on 
which the higher numbers in the range o f  risk values are based, might generate ele- 
vated risk estimates due to the oroiection of hiah relative risk data of young people 

cancer rate is very high. into the over - 50 - year-old age grbup- in which the-spon taiieous 

3-44 

I 



. ,  

TABLE 3 . 1 . 2 - 1 0  
KISK ES'I'II .TES I'EK PttN-HEM OF INSE 

nB1.E 3.1 . 2 - I  1 
ESTIM;\'fED I'L4XIML?! SI'MBEK OF POSSI P1.E EFFECI'S (CANCER MORTALITI ES PLUS GENETIC DEFECTS) 

TO THE Y W K - i 9 7 7  AND TO THE YEAH-2000 POPUlhTlON GROUPS 
OVER 70  TEAKS FKOM 7 0  YEAHS OF EXPOSI!RE TO HOUTINE RELEASES 

FROM THE ROCKY FLITS PWNT 

Estimated Maximum 
Population 

Croup Tots1 Body 
1977 
2000 

Number of Possible E f f e c t s  over 7 0  Years 
Liver e Lungs 

0.07 0.025 0.16 0.30 0.57 

T U  

0.14 0.044 0.30 0 .52  1 .oo 
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is perhaps unnecessary to stress that they are based upon conservative estimates 
of exposure, multiplied by conservative estimates of risk from this exposure. and 
that whether the actual risk approaches these numbers, or is zero, can in no way be 
inferred from our present knowledge." 

3.2 PLANT ACCIDENTS* 

The buildings and systems that handle both radioactive and other toxic materials 
have been constructed to prevent the occurrence cf accidents and the spread of contani- 
nation if an accident occurs. Accidental reieases to the environment, although very 
improbable, are possible. Section 3.2 summarizes the accident analyses and anticipated 
effects of each type of potential accident on the environment. 

Uost types of accidencs that have the potential for significant releases to the 
environment can be determined by considering possible sources of material, breaches 
of containment, and forces for dispersion. 
administrative failures, impoundment failures, fires, explosions, criticality acci- 
dents, aircraft impacts, tornadoes, high winds, and earthquakes were considered as 
possible causes of radioactive releases. 

On this basis, spills, mechanical or 

For each of these accidents an estimated maximum credible* release and probabf- 

Also, a maximum credible accident for beryllium was added, the probability 
lity of occurrence was reevaluated and recalculated in response to public comment on 
the DEIS. 
of impoundment failure was increased assuming the ponds would not withstand a 100- 
year flood and the amount of plutonium which becomes airborne in a fire was reduced. 
The criticality accident scenarios now include a maximum probable accident and the 
magnitude of the maximum credible solution criticality was increased. In some cases, 
where sufficient information was available (e.g., aircraft crashes), maximum probable 
and expected releases have been estimated. 
all possible accident scenarios that might occur, but, by considering maximum credible 
accidents, presents conservative estimates of the largest releases that might occur 
for each type of accident. 

This Statement does not artempt to evaluate 

To clarify the meaning of the various terms used in the accident analyses, 
consider the following example. 
of  explanation and do not refer to any actual type of accident.) 

(Note: the data values are arbitrary for purposes 
Suppose four differ- 

m e  accident analyses appearing in this section do not establish compliance with 'the 
detailed design criteria for new radioactive material handling facilities. The ap- 
plj.cable detailed design criteria are specified in ERDA Xanua? Chapters (e.g. ERDAn 
6301, General Design Criteria) and compliance with these criteria is established in 
detailed Safety Analysis Reports. 

10-7 for realistic probabilities and permits a value of lo-* for conservatively 
estimated probabilities. 
EIS; that is, accidents with a probability of occurrence of less than 10'' per gear 
are not considered credible. 

**The U.S. Nuclear Regulatory Commission (USNRC, 1978) recommends a cutoff value of 

The smaller value of lo-' is used for all cases in this 
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ent accident scenarios are evaluated. and the analysis shows that the probabilities 
of occurrence per year are IxlO-’, ~ x I O - ~ ,  3 ~ 1 0 - ~ ,  and Z X ~ O - ~ .  with corresponding 
releases of 5 0 ,  10, 3, and 1 Ci of  plutonium. 
mum credible accident. since it produces the largest release among those accidents 
with a probability greater than 
of l ~ l O - ~  and is therefore not considered credible, while the third and fourth have 
smaller consequences and therefore are not maximum cases. 
accident is the fourth, since it has the largest probability of occurrence. 
expected release for this set o f  accidents is found by summing the products o €  prob- 
ability times release for each case: 

Then the secon; accident is the maxi- 

per year. The first accident has a probability 

The maximum probable 
The 

Each of the accidents considered is discussed belov, followed by a summary of 
the accident likelihoods and expected acciden: releases (likelihood times release). 
Accident likelihood estimates are bade on the bdsis of past Rocky Flats operating 
data, in addition to statistics from studies of other facilities handling radioactive 
or other hazardous material. 
given in Appendix H. 

A list of past reportable accidents for Rocky Flats is 

3.2.1 Accidents lnvolving Nonradioactive Hazardous Materials 

In this section a fire involving beryllium is posiulated and analyzed as the 
maximum credible accident for nonradioactive materials.. Beryllium is toxic and is 
handled in kilogram quantities a t  Rocky Flats (see Section 2.5.3.1 and 2 . 5 . 3 . 2 ) .  
Other materials, in the quantities used at Rocky Flats (see Table 2 . 8 - 1 ) .  do not 
constitute a hazard to the public. 

i -  

Specific data regarding the probability of accidents and releases in beryllium- 
handling facilities have not been generated, as they have for plutonium. 
have been used for  the maximum credible release. 
maximum credible accident would be a fire i n  a heavily-Ioaded filter plenum system 
during which the HEPA filLers were breached. Such a system might contain as much as 
10 kg o f  dust. a small fraction of which would be beryllium. 
would be released from the stack as beryllium oxide particles in the respirable size 
range. 

Overestimates 
Based on previous experience. the 

An even smaller fraction 

For the accident scenario, 10 kg of pure beryllium was assumed t o  burn over a 30 
minute interval. 
assumed to be released from the stack. 

One kilogram of beryllium oxide in the respirable size range was 
Using Table B-2-1 of 4ppendix B, a maximum 

short-term concentration of about 7.7  gg/m 3 near the Plant boundary was obtained. 
This is well above the 0.01 pg/m 3 30-day-average EPA standard, but it is below the 
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3 short-term exposure of 25 pg/m 
concentration above the acceptable ceiling cancentratio:. for an 8-hour occupational 
exposure. 

which has been estaLlished as the 30-minute peak 

3.2 .2  Accidents Involving Radioactive Materials 

3 . 2 . 2 . 1  Spills of Radioactive Materials 

One possible source of radioactive release to the environment is the spilling of 
radioactive material. 
the tipping of containers holding radioactive materials, or leaks in containers. 
Spills in this section are meant to encompass only the simple, unintentional release 
of material from its container or controlled area. The dispersal of material from a 
driving force such as fire or explosion is treated separately in later sections. 
Only spills of radioactive materials are considered since the consequence of spilling 
nonradioactive materials (considering the quantities used at Rocky Flats; see Table 
2.8-1) would be much smaller. 
within the Rocky Flats facility, some spills of material are inevitable. If spills 
occur, they most likely will occur in glove boxes or other areas having a contained 
air flow. In these areas air is highly filtered before release to the environment. 
These types of spills will result in no detectable increase in total Plant release. 
Spills of materials outside of glove boxes and controlled process areas might cause a 
small increase in the total release, since the air would pass through fewer filter 
stages than the glove-box air flow. 

This might result from the dropping of radioactive material, 

Since radioactive materials are handled extensively 

Rooa air from all uranium- and beryllium-handling buildings will pass through at 
least one High Efficiency Particulate Air (HEPA) filter, and room air from plutonium- 
handling buildings passes through at lsast two HEPA filters before release to the 
environment (see Section 2 . 7 . 1 ) .  Air from glove boxes containing plutonium will pass 
through at least four HEPA filters pyior to release. Thus, even major spills of 
radioactive material will result in minor releases of radioactivity to the environment. 
Historically, most spills of radioactive material. even those requiring fairly exten- 
sive in-building cleanup, did not cause sufficient increase in the building emission 
rate €or the release to be distinguished from normal fluctuations. A s  normal building 
releases have been reduced dramatically over the years, however, rt- has been possible 
to correlate effluent monitor records with major contamination events (see 
Table 2.7 .2-1) .  Thus, the plutonium release from a plugged drain line in 1970 and a 
plutonium barrel-liner leak in 1971 resulted in releases to the environment of about 
25 and 4 pCi of plutonium alpha activity, respectively. Since 1972, there have been 
no events in this categcry that have caused detectable increases in environmental 
release. 

On the basis of past Rocky Flats operational history, spills of radioactive 
material will occasionally occur. The environmental release from past events has 
been quite small, typically less than 10 PCi of plutonium alpha activity. For the 

3-48 



purposes of this Statement, a pessimistic assumption of 0 . 5  con:amindtion events per 
year was made with an expected release of 10 pCi o f  plutonium alpha .Icti\*ity. A 

major contamination event was assumed to release u:, to 100 pCi o f  plutonium alpha 
activity. There have not been any contamination events that ha\v rcsu1tc.d in environ- 
mental releases of  100 pCi; consequently, such a release likelihood i s  considered 
small, perhaps less than once in 20 years (0.05/year). 

The preceding discussion has excluded consideration of the rcIe.ist. of up t o  
eleven curies of radioactivity caused by leakage o f  ~ l u t o n i ~ r i n - c o r r t a n i i n ~ t c . d  oi 1 from 

storage barrels (see Section 2.3.9.1). The storage area W . I ~  outside thc ( w r i t i n  
any building or secondary containment. This incident is not used in thc estiiua 

possible future releases because plutonium dnd plutonium-contanrin3trd niateri,iIs 
no longer stored outside of  buildings. 

3.2.2.2 Mechanical or Administrative Failure 

Accidental releases of radioactive materials to the environment were aasum 

5 of 
e of 
<ire 

ti t o  

-. 

be possible as a result of a mechanical or administrative failurc.. 'There are many 
administratite and system-protective features incorporated in the r'fmt design !o 
prevent such an occurrence, but a mechanical or administrat i1.e fdi l u r e  nt.iy o<*'cur. 
There has been one such environmental release during Rocky F l < i t s '  oper.it ing h i s t o r y .  

resulting from a design error in the filter system. This incident occurred in 1974 
and resulted in a release o f  934 pCi (se:! Table 2 . 7 . 2 - 1 ) .  A s  d result ot that release, 
several corrective actions have been taken, including improved ,idminist r'at ive ( c m -  
trols on any changes affecting the operation of the exhaust syateut. In .iddition. 
system and monitoring changes have been implemented either to prevent n repeated 
occurrence or to detect abnoimai releases much sooner. I t  might be expected that, 
given the system improvements that have been implemented since t h e  accidental release, 
the future probability o f  similar releases will be :ess than implied by past operating 
history. For purposes of this Statement, however, a release source term of 1,000 pCi 
of plutonium alpha activiry with a likelihood of 0.05 per year was assumed. The 
estimates of probability and amount of release are slightly greater thafi is actually 
expected. A reccnt EPA report (USEPA, 1975) places the probability of a tdilure of 
valves or piping within a uranium fabrication plant which would result in an environ- 
mental release at about O.CG4 per year. This probability w d b  estiwdted on the basis 
Of 490 plant years of fuel fabrication experience within the U.S. 

Postulation of a scenario for a maximum credible administrative failure is not 
meaningful; 'f a specific, credible scenario were known, approprjate system and 
administrative controls would be modified to prevent the incident or to mitigate its 
consequences. To provide an example, however, o f  the maximum credible rel3ase tha: 
can be expected €or some undefined administrative failure, a maximum source term was 

The maximum release that might occur from a failure o f  the exhaust system can be 
, calculated based on a filter plenum bypass similar to that which occured in 1914. 

/ 

\ 
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There have been past releases of tritium from Rocky Flats. In particular, the 
processing of metal scrap contaminated with tritium in 1973 led to the release of 
several hundred curies of tritium to the air and Plant waste streams. Since the 1973 
incident, new administrative controls have been initiated and new equipment purchased 
to  permit the identification of any non-specification radioisotopes in feed material 
handled by Rocky Flats. Because of these new cqntrols, a repeat of the 1973 incident 
i s  highly unlikely. 
been set at a conservative level of 5 Ci/yr of tritium to account for the processing 
of materials containing tritium contamination (see Section 2 . 7 . 2 ) .  

3.2.2.3 Impoundment Failure 

As discussed previously, the water in several or*-site ponds contains radio- 

In addition, the source term from routine Plant op&ration has 

- I 1. 1 - 

activity. 
pond sediment contains an appreciable inv.:ntory of radioactive material. 

The actual level of radioactivity in these waters is low, even though the 
For in- 
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estimated on the basis of the maximum filter loading. Maximum releases would thus 
result fro= releases of process-contaminated air without passage through the usual 
HEPA filter system. 
lated based on a 750-gram loading of the first filter stage ir. 120 clays. 
conservatively assumed 8-hours-a-day, 5-days-a-week operation yielding an air load of 
3.13 pCi/a . Assumiiig a typical exhaust flow rate for a filter plenum of 14,000 
cubic feet’per minute and a filter bypass occurring for 15 minutes before corrective 
action is taken, a total release of 19,944 pCi would occur. Releases of air at this 
radioactivity level €or a longer period of time without corrective action being taken 
would require simultaneous failure of many independent systems and is much less 
likely to occur. The likelihood of a maximum release of 20,000 pCi to the air will 
be taken as one-tenth of the likelihood of any appreciable release, or 0.005 per 
year. 
release from a uranium fabrication plant (USEPA, 1975). 

The maximum loading of plutonium in the exhaust duct was calcu- 
The analysis 

3 

This likelihood is comparable to the EPA-estimated probability of an appreciable 

In addition to accidental releases of radioactive material to the air, acci- 
dental releases of liquid effluents might also be postulated. Note, however, that 
process water is no longer released off site (all process waste is ;low impounded on 
site), SO mechanical or administrative failures that might result in the release of 
contaminated liquid waste will no longer cause an off-site release. 
release of Plant water from the site is from the sanitary treatment plant. 
waste contains only low levels of radioactive contamination. Even if some major 
piping error occurred, which could result in major contamination of the sanitary 
waste effluent, this effluent is released in batches after direct sampling to  deter- 
mine the radioactivity level. The probability of a major liquid release because of 
mechanical or administrative errors in the Plant is therefore small, and any future 
expected release from this mechanism would be negligible. 
since the Rocky Flats facility is being modified for a total liquid-recycie operation 
scheduled for 1979. 

The only present 
Sanitary 

This is particularly true 



, 
I .  

I 

stance, the B-series ponds contain several curies of plutonium trapped i;: the pond 
sediment, but the concentration 05  plutonium alpha activity in the water of these 
ponds is less than 40 pCi/l. Further, the pond capacities are small, and even if the 
entire contents (excluding the sediments) of the 6-series ponds were to be released 
from an accidental breaching of all of the ponds, the total amount of material released 
would be less than 500 p C i  of plutonium dlpha activity, The impoundment failure 
scenario does not include estimates of impacrs in terms of dose acquired as a result 
of sediment release. Of the small fraction of the sediments which might be released, 
major portions would reside in the stream bed, the sedianent o f  reservoirs. and in 
drinking water treatment plant filters. 

The other major source of radioactiv- saterial contained in kater stored 01: site 
i s  material in the solar evapcration ponds. 
designated as 207A, 2078 (divided intG three sections), and 2C7C. The pondz are 
asphalt-cement structures construLted near the top edge of a hill having about a 
15 degree slope. 
contaminated wastewater into Morth Walnut Creek. 
empties into Great Western Reservoir. a water supply for the City of Brooffifield.* 
Typical concentrations of radioactive materia: in the solar evaporation ponds and the 
total capacity of the ponds are shown in Table 3 .2 .2 -1 .  The actual concentration o f  
material will vary somewhat from pond to pond and will vary even more as J function 
of time. 
are reasonable values for environmental assessments. 

There are three solar evaporation ponds 

A landslide of the hill could rupture one or sobre ponds and release 
North Walnut Creek ultimately 

The mean concentration values, however, are averaged over several years and 

Flat er ial 
Ame ri c i um 
Plutonium 
Uranium 

TABLE 3.2.2-1 
RADIOACTIVE MATERIAL CONCENTRATIONS 

IN THE SOIAR EVAPORATION PONDS** 

Hean Concenzration Concentrarior! Range 
( p C i / l )  (pCi/l) 

1,350 450 - 2,700 
1,440 1,200 - 2.000 
8.000 4,300 - 14,000 

**Total capacity of the ponds is 16 x 10 6 galluns (60.6 x lo6 lite--) 

I f  a landslide or other refease mechanism were to occur, the solar ponds most 
likely to rupture would be 207A and 207B-north. This result is based on th fact 
that leakage has occurred from these ponds only, and both are situated at the hill's 

. *  

I 

<' 
4 

%e City of Broomfl'pld has rerently (September, 1978) received a grant o f  $750.000 
for pumping and pipeline revisions t o  permit the entire city to use water from Denver 
in case an accident at Rocky Flats should make it necessary to discontinue use of 
water from Great Western Reservoir. 
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top edge. 
sliding than the soil below the cther ponds. 
in these two ponds is 6,936,000 gallons; their Overflt'G; capacity is 8,584,000 gallons. 

This means the soil under ihese ponds WOI Id I:< vet and more susceptible 20 

The operaiing level of waste solution 

A simple rupture of the solar evaporation ponds mu-d result in no off-site re- 
lease, since water from these ponds would flow inta iJo.-th Walnut Crrek upstream of 
the A-series holding ponds. The largest of tire A-series holding ponds is of suffici- 
ent size to hold the capacity of all the sclar ponds; consequeritly, any contamination 
would be trapped on site. For an environmental release off site, there would have to 
be a rupture of the A-series ponds in addition to the solar evaporation ponds. 
an occurrence would require a major driving force such as an earthquake or tremendous 
rainfall. 
released to the environment, the total release would be the product of the concentra- 
tions in Table 3 . 2 . 2 - 1  ind the total capacity, as shown in that table. 
would be about 87,000 VCi of pIQtonium, 82,000 pCi of americium, and 485,000 pCi of 
uranium. Of this total release, most would deposit on the ground before reaching 
Great Western deservoir. 
sediment or be removed by the City of Broomfield's water-treatment plant prior to the 
water being consumed by people. 

Such 

If, however, all of the material in the solar evaporation ponds were 

This release 

Mt1-h of the remainder would become :rapped in the Reservoir's 

This analysis assumes that all of the released materisl is consumed by Broom- 
field residents. This clearly overestimates the actual impact. The probability of 
an off-site release of the total inventory of the solar evaporation ponds is small. 
(Note that a surface runoff system under construction at Rocky Flats would hold the 
total site runoff in J design 100-year storm. 
even further redcrce the probability of any dff-site release from an impoundment 
failure. ) 

This system, when implemented, will 

Rainfalls such as the maximum recorded in the Rocky Flats area are ncit apt to 
cause the rupture of the many different ponds that would have to be involved. 
while an exact probability estimate was not made, it is likely that the probability 
is much less than 10" per year. 

The new waste-treatment facility, scheduled to be in operation in 1980, will 
provide total recycle for Rocky Flats process wastewater. The facility wiIl minldze 
the potential for accidental release of radioactivity to Great Western Reservoir. 
The water in solar evaporation ponds will be processed and the ponds will be used for 
storing purified water from the sanitary wastewater recycle plant (see Section 2 . 7 . 3 . 1 ) .  

Thus, 

I 
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3 .2 .2 .4  Fire 

Fire Prevention and Control 

Accidental fires in Rocky Flats facilities are a major concern because of the 
pyrophoric nature of finely divided plutonium in air. 
Flats have resulted in small environmental releases, these fires have received consi- 
derable attention. 
been made to guarc! against future fires, but the handling of plutonium involves some 
risk of fire. 

Since past fires at Rocky 

As a result of these fires, extensive system improvements have 

There have been two fires that have caused major damage to production buildings 
at Rocky Fbts. 'These occurred in 1957 and 1969 and resulted in estimated environ- 
mental releases of 25,618 and 856 pCi of plutonium. respectively (see Table 2.1.2-?). 
In addition, there were three isolated fires that caused detectable releases in 1965, 
1964, and 1972. Those fires resulted in releases of about 1,170; 20; and less than 2 
(rCi of plutonium, respectively. 

Following the major building fires of 1957 and 1969, extensive improvements were 
made to minimize the possibility and potential con -.quences of future fires. Postu- 
lated fires involving nonradioactive or construction materidis, along with the mast 
effective fire-fighting techniques €or these tires, a m  xell defined in publications 
of the National Fire Protection Association and Factorv Mutual's Loss Control Data 
Sheets. 
release combustion products to the atmosphere as quickly as possible to expedite fire 
fighting. In a Cf'e involving plutonium, the theory is rcversed. Emphasis is placed 
on containment of the fire and products of combustion with minimal release to the 
atmosphere. 
Examples include usins nitrogen atmospheres, minimizi1.g combustible loading in any 
given area, and assuring that fire detection and suppression systems are capable of 

mented throughout the Rocky Flats fire protection systems and operating procedures. 
Their effectiveness is graphically illustrated by comparison of the releases attri- 
buted to the 1957 and 1969 fires, respectiveiy. While the quantity of plutonium 
involved in the 1969 fire was much greater, the release was smaller than in the 1957 
f i re .  The 1957 fire released approximately 25,618 pCi of plutonium alpha activity, 
while the 1969 fire, which was much more costly as an industrial vxident, released 
only 856 yCi of plutonium alpha activity. 
system improvemnts that were initiated following the 1957 fire. 

The theory involved in combatting these types of fires is generally to 

Major emphasis is placed on minimizing the probability of a fire. 

-detecting and containing a fire if one should start. These criteria have been imple- 

This serves to demonstrate the success of 

The system improvements made after the 1957 and 1969 fires are listed in Table 
3.2.2-2. The initial improvements were aimed primarily at stopping the spread of a 
fire once it srarted acd at preventing the release of potentially contaminated com- 
bustion products. Following the 1965 fire, system improvements emphasized the reduc- 
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tion o f  combustible material loading and dmtainment. Subsequent Plant modifications 
and administrative controls were aimed privarily at reducing the probability of a 
fire starting and at automation of fire protection systems. Prior to 1957, it was 
not considered permissible to use water to any extent to fight fires involving 
plutonium because of the danger of producing a criticality. The necessity to use 
water to control the 1957 fire resulted in a later reevaluation of this philosophy. 
The controlled use of arbtomatic water, fire suppression systems was included in the 
design of a new plutonirm facility, Building 7 0 7 ,  in 1967. After the 1969 fire, 
extensive investigations and experiments were conducted in an attempt to define more 
effective fire prevention measures in addition to improvements in fire suppression 
systems. Automatic water, fire suppression systems were added tu filter plenums and 
to pluto.>ium operating and process areas. 
through the exclusion of sprinklers within the glove boxes, strict enforcement cf 
fissile material limits, curbing to prevent accumulations of water in low places 
(e.g., stairwells), and fire-fighting personnel training. Evaluations of orgariza- 
tional and management policies related to the fire rafety program were also conducted 
to ensure maximum prograa effectiveness. As a result, several program changes were 
implemented to further minimize the risk of fire through administrative controls. 
One change involved increased frequency of fire system inspection. 
the other changes were maximization of response and capability co contain fires 
through improved detect'on alarm systems and personnel training. 

Criticality concerns were addressed 

Included among 

TABLE 3 . 2 . 2 - 2  
FIRE PROTECTiON IMPROVEMENTS 1HPLEMENTED SUBSEQUENT TO THE 

1957 AND 1969 ;'IRES 

Improvements Subsequent to 1957 Fire 

1. 

2 .  
3 .  

4 .  

5. 

6. 

Clove-box Construction - Metal strips were placed between glove-box 
windows to prevent fire from spreading in Plexiglas glove boxes. 
Atmosphere Control - The humidity in glove-box lines was controlled. 
Plutonium Storage and Handling - Plutonium metal in different forms 
was separated in production and stored separately inside metal cans. 
Fire Detection - A fire-dhtection system of heat sensors was placed in 
all storage areas. 
Fire Fighting Methods - Methods were developed for controlling pluto- 
nium fires through use of inert gas, carbon dioxide, wd magnesium 
oxide sand. 
because of possible problems involving nuclear safety. 
Filter-Ba.k Water Spray System - Water spray systems were built for  
main filter plenums. 
resulted in problems in the Hay 11, 1969, fire. 
now have water spray systems.) 
Fire Wains - Stand pipes and hose connections were added in production 
areas.. 

The use of water on plutonium fires was still questionable 

(Booster plenums were not so equipped, which 
The booster plenums 
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TABLE 3.2.2-2 (Continued) 

8.  Utilities - Electrical utilities were relocated to avoid penetrating 
ventilation ducts. 
to preclude blowbacks in the event of an explosion. Spark-arrest 
screens were installed, and a systes for spraying water on filters was 
added. A fire detection system was placed in the filter banks. 
Multiple Exhaust Filters - As an alternative to a recommendaticn to 
provide multiple exhaust filtration', other changes were implemented. 
Although Rocky Flats is stili using single-source filtration, the size 
of  the exhaust plenums has been reduced and the number of  such plenums 
has been increased. The existing large filter banks were divided into 
a series of smaller plenum with noncombustible partitions. 
Modular Containment - A plutonium production facility designed sub- 
sequent to 1357 included modular separation of plutonium processing 
operations. 

Dampers were placed in ventilatior! intake systems 

9. 

10. 

Improvements Subsequent to 1969 Fire 

1. 

2. 

3. 

i 
4 .  

5. 

6. 

7 ,  

8 .  

Heat detection systems were installed throughout all glove boxes and 
conveyor lines as required. 
Major combustible loading was almost entirely eliminated by removal of 
large quantities of combustible radiation shielding. Removal was made 
possible by discontinuing the use of glove boxes for storage. Combus- 
tibles are restricted inside glove boxes, and all production materi.tls 
are now enclosed in tight-fitting containers. 
Inerting glove boxes and conveyor lines that contain naterial such as 
small pieces of plutonium and machining chips was accomplished by 
providing nitrcgen atmosphere containrng less than 5% oxygen. (Glove 
boxes and lines containing only final massive forms of plutonium are 
not necessarily inerted, because there have been no recorded cases of 
spontaneous ignition of massive forms of plutonium). 
Ventilation systems were completely revised and improved to ensure 
their integrity i n  providing necessary fire protection. 
Internal walls and doors in all major production buildings have been 
upgraded to pro-vide proper fire cbtoffs and area separa:ion. 
The exteraal walls of these building were upgradcd and sealed. 
measures help protect against coctamination being released to the 
external environment in the event of a possible fire. 
Wet pipe sprinkler protection was provided to obtain 100% coverage in 
a11 production areas. 
Improvements to the Plant's vcderground wattr system, with additional 
storage and pumping capacity, were completed. 

These 

. -- 
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TABLE 3 . 2 . 2 - 2  (Continued) 

-. 
c .  

. 

9. Flant alarm systems were upgraded to relay information from other 
updated fire protection measures. These upgradings enhance instant 
response to any possible eaergency on the *ite. 

10. Extensive studies of solvents used in all areas coirtaining fine 
plutonium pieces were done, and some solvents have been replaced vith 
less reactive solvent types. 

In conjunction k*ith investigations and research conducted by the contractor and 
the .\EC following the 1969 fire, a comprehensive assessment was conducted under AEC 
contract by Factory Insurance Association, an organization with over 80 years of 
experience in fire safety. In 1970, arrangements were made with the Factory Insur- 
ance Associdtion dnd Factory Mutual Systems, the largest underwriters of improved 
risk fire insurance, to inspect AEC facilities against highest industrial standards. 
The intent was to provide fire protection systems in which the minimum protection 
level i s  at least equal to the "Highly Protected Risk" category of insurance under- 
writers. [This program has been included in ERDA Manual Appendix 0552. Inspections 
are to be conducted periodically (at approximately five-year interva 
facilities, including Rocky F1ats.J 

Two surveys have been made by the Factor- Insuiance Association 
Rocky Flats Plant. The initial survey was completed in 1970 and was 
from the standpoint of capital-loss fire protection. It resulted in 
tio??. A second surdey of ;he Rocky Flats Plant was undertaken by F 

s )  at major DOE 

(FIA) at the 
comprehensive 
10.5 rccommenda- 
A during Sep- 

tember and October .  1974.  Results of that survey were noted in a report dated 
January 2 3 .  1975. The following is quoted Crom the introduction to the report: 

"The survey is a rvinspection of the Rocky Flats Plant and reflects 
the major changes in fire prevention and protection which have been 
accomplished since the ori, nal survey by the Factory Insurance Asso- 

outlined in the report o f  the earlier survey have been accomplished 
resulting in a well protected plant having good loss prevc itioil 
programs. '' 

z ciation conducted during the Fall of 1969. Host o f  the recommendations 

". . .new buildings have been constructed utilizing superior protection and 
prevent i on cri t eri a.  " 

Those recommendations not completed at the time of the second survey were either 
in the construction phase or were covered by an approved exemption. 
granted only where noncompliance would not result in undue hazard to life, off-site 
contamination, vital program impairment, or  probable fire loss in exceBs o f  one 
million dollars. It should be noted that only six exemptions to thc FIX recomenda- 

Exemptions were 



tions were granted by ERDA for Rocky Flats. 
recommenda- m s .  As of December 31, 1977, 4 2  recoamendations had been completed, 2 
were in progrPss, and 4 were in the 6 previously discussed exceptions. Recommenda- 
tions regarding the 1969 fire's cause-effect relationship have been implemented. 

The second survey report contains 48 

The FIA also stated, "There have been a number of significant changes in the 
basic organization of the Loss Prevention programs in the Plant since the original 
survey." 
loss-prevention department, fire department, criticality safety group, Plant security, 
health physics, and radiation monitoring, such that adequate authority and control is 
maintained to ensure safety and security for all aspects of Plant operition. 
number o f  committees and groups have also been established to audit the performance 
and provide direction to the various speciality groups. 
include the Executive Safety Committee, Office oi Chief Audititr, Nuclear Safety 
Committee, and Operational Safety Review Panel Subcommittees. 

These changes have been directed at ensuring adequate independence of the 

A 

These audit organizations 

An intensive full-scale testing program to understand better the causes and 
effects of facility fires was also implemented follow in^ the 1969 fire. 
glob2 boxes utilizing the sam- materials as used in productiort glove boxes were 
burned to establish which materials contributed to the fire .md which materials might 
be replaced with less combustible materials. The tests also determiqed how materials 
could be more adequately protected i f  a suitable replacement could not be found. 
Tests were perfo'med on HEPA filters and other venLilation components to determine 
effects of heat and smoke. 
access to fires, ( 2 )  verify the effectiveness of water sprays in reducing fire 
exhaust air temperatures such that the filters would not Le damaged, and (3)  deter- 
mine the effects of water sprays on tkc tilter media. 
experimental program resulted in many o f  the system and component improvements sum.. 

marized in Table 3.2.2-2. 

Full-size 

The tests were used to (1) study smoke removal for rapid 

Information gathered in the 

As evidenced by the independent FXA survey, the Rocky Flate facilities meet or 
exceed all nationally recognized fire protection standards. 
protected from fire to the extent that the worst fire that can be postulated in any 
of the facilities can be controlled, extinguished. or contained without creating an 
unacceptable hazard to employees or the general public. 

T- . facilities are well 

The continuing philosophy practiced at the Rocky Flats facilities EO reduce fire 
hazard is to maintain the combustible loading as 1.w as possible. 
tains strict control over construction materials and requires the use of fire-resistive 
or noncombustible materials. 
Also. fire extinguishers are located in strategic places for use by production workers, 
and process buildings are fully protected by automatic sprinkler systems having water 
suppIies adequate in pressure and capacity to handle the water demand of the most 

Rocky Flats mait- 

Interior combustible loading is kept to a minimum. 

severe, credible, fire accident. M e r e  sprinklers are not installed, for such 
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reasons as no combustibles o r  criticality concerm, heat detection or products of 
combustion (POC) detection is employed. In some cases, a combination of i:eat/POC 
detection and special fire suppression is used in lieu of sprinklers o r  to supplement 
sprinkler protection. For khe protection of essential processes (e.g., filter plenum 
final exhaust), additional features are installed to ensure minmal release of conbus- 
tion products. 
cool the air entering the final exhaust plenum and thus protect the integrity of the 
higk ezficiency filters, and a manual water-spray system upstream of the first HEPA 
filter if the automatic spray system should fail. 
tion is backed up with redundant water supplies, emergency power supplies, and adminis- 
trative control via central, electronic, monitoring systems. 
are tested every 60 days. 
which are turned on to cause temperature increases up to 190OF. 
tored for triggering of the probe and sprinkler system. 
to testing. 

These systems include heat detectors, an automatic water spray to 

Automatic actuation of this protec- 

Plenum sprinkler systems 

The system is moni- 
The water is shut off prior 

Adjacent to heat probes in the plenum ducts are heaters 

In other areas, such as glove boxes, where sprinklers are not allowed for criti- 
cality reasons but fire is possible because of the pyrophoric nature of plutonium, 
protective features are supplemented by nitrogen inerting, which automatically main- 
tains a 5% o r  less oxygen atmosphere in the glove boxes. 

Construction design incorporates noncombustible building materials. 
corrstruction within buildings consists o f  1 and 2 hour fire-resistive walls to 
localize and limit the spread of  accidental fires. 
to isolate the more hazardous operations. Within the modules discussed above, glove 
boxes are chosen for their fire resistance and consist primarily of stainless steel 
having laminated or wire safety glass, leaving minimal combustibles (usually only the 
elastomeric gloves). Ducts and plenums o f  the heating, ventilating, and air-condi- 
tioning systems are heavy gauge metal, and the HEPA filters are made of glass-asbestos 
fiber or of rguivalent inorganic material within a frame of fire-retardant-treated 
wood or metal. 

Modular 

Concrete canyons are incorporated 

Fire loading in all buildings (except a few warehouse buildings) is considered 
light to moderate with very few having a moderate loading. 
policy, all fire protection installations are designed for moderate fire loading o r  
better depending on the individual analysis made. 

In line with existing 

Credible fires at these facilities, with primary concern placed on plutonium- 
handling facilities, are not expected to exceed a 30-minute duration, with the excep- 
tion that warehouse storage may be expected to last 1 to 2 hours. Under either 
condition, the manual and automatic fire suppression is believed to be more thar 
adequate to extinguish or  coctrol the .fire. 

There is a fully manned and equipped fire department on site with the capability 
to respond to any facility within 2 to 5 minutes. As stated in the latest FIA survey, 
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"This is an excellent, private, fully paid fire department maintained on the Plant 
premises." 
and by fire brigade members in individual buildings. 

Fire department manpower is supplemented by trained Plant security guards 

Postulated Fire Accidents 

AS a result of system and operational improvements, both the probability of a 
fire and the severity of an environmental release associated with a fire have been 
greatly reduced in comparison to the Rocky Flats operation prior to 1957 o r  1969. 
Since the 1969 fire, there have been no fires that have spread beyond the immediate 
containing area. As a result of system and operational improvements, a probable fire 
accident is difficult to postulate. Therefore, it will be assumed, for purposes of 
this Environmental Impact Statement, that the maximum probable fire accident is the 
same as the maximum credible fire accident. 

Given the many fire prevention, detection, and suppression systems and proce- 
dures incorporated into the Rocky Flats Plant, a major facility fire (that is, a fire 
resulting in extensive building damage with greater than $1 million ir. property loss) 
is considered highly unlikely. For such a fire to occur, the automatic fire detection 
and wetpipe sprinkler systems must fail in some manner such that the fire burns 
uncontrolled, reaches the HEPA filters wirhout being cooled by the plenum spray 
system, destroys the filters, and releases plutonium-contaminated combustion products 
and filter loadings to the atmosphere. Based on a detailed study conducted by an 
independent consultant (TERA, 1976), the probability of such a series o f  events is 
less than per year and thus is considered incredible. This study included a 
reliability analysis of the automatic fire detection and sprinkler systems. 
into account the probability of the mechanical failure o f  essential components, 
frequency of inspection, testing, malfunction rates, and redundancy of systems and 
components where applicable. 
to function as designed to protect the HEPA filter systems. A probability of 0.0001 

conservative assumptions. 

It took 

The fire detection and suppression svstems are expected 

- per year vas derived for a maximum credible fire (TERA, 1976, Chapter V) using very 

Experiments to determine the amount of plutonium that becomes airborne in a fire 
involving various media have been conducted by several investigators (Hilliard, 1963; 
Hishima, 1964; Hishima, 1966; Felt, 1967; Schwendiman, et al., 1968; Hishima and 
Schwendiman, 1970; Nishima and Schwendiman, April 1973; Mishiaa and Schwendiman, 
August 1973). For plutonium in solid metallic forms, airborne quantities of 5 x 10 % 
to 0.03% by weight were found for burn temperatures of up to 1000°C (1832OF) in a i r  
atmospheres (Hishima and Schwendiman, 19?0). Hishima and Schwendiman (1970) also 
reported that plutonium compounds in powder forms, when heated to 1000°C, resulted in 
release values of 2 x 
concentration and at a temperature of 700°C (1292OF). Values o f  1.5 x to 0.24% 
have been reported (Stewart, 1963) for burning plutonium metal o r  alloys in essentially 

-5 

to 4 x d%, with the larger value at the higher oxygen 
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standerd atmospheric oxygen concentrationr of 20.8% witn nitrogen constituting tlz 
remainder of the atmosphere. The value 0.24%, equal to the largest value reported in 
the literature for plutonium burning in a;r, was used to calculate the amount O €  

airborne plutonium from the maximum credible fire accident. 
greater than the 0.03% reported for more recent experiments on solid forms of burning 
plutonium (Hishima and Schwendiman, 1970). 

This is a factor of 8 

In the DEIS, a value of 2.1% by weight was uszd for the airborne amount of 
burning plutonium. However, according to the reference (Stewart, 1963, Table 5, 
Experiment No. 121, this value is for plutonium metal burning in a pure oxygen atmos- 
phere, a condition which is not applicable to glove boxes at Rocky Flats. The 0.24% 
value used in this FEIS is the largest experimental value for plutonium burning 
in air. 

Although it is not plausible to define the specific mechanism that could resrtlt 
in a maximum credible f i re ,  it is necessary to theorize such an event to determine 
the upper hounds of environmental release that may be anticipated from a fire. 
Therefore, fcr purposes of the EIS, a scenario is presented for a maximum credible 
fire, even though the specific mechanisms are highly improbable. 

The postulated maximum credible fire was assumed to occur in a plutonium machin- 
ing area. 
nitrogen; hence, the probability of a fire starting i n  a glove box is small. It was 
postulated, however, that a failure of a pipeline supplying machining coolant oil to 
the glove box occurs outside the glove box and releases oil to the floor. Through 
some undefined mechanism (e.g., a static spark or electric short circuit), the oil is 
ignited. 
o f f ,  allowing access to the glove-bor interior. The maximum amount of plutonium 
involved would be a single 3-kilogram piece and 1 kilogram of chips or turnings on 
the bottom of the box, together with a maximum of 5 to 6 gallons of machining oil. 
Amounts or fissilc and hydrogenous materials in glove boxes are limited to assure 
criticality safety. Exposed to an in-rush of air, flames, and products of combustion 
through the now-apen glove ports? oil in the box is ignited and burns rapidly along 
with the 1 kilogram o f  plutonium chips in the bottom of the box. The oil-fire flames 
could also engulf the 3-kilogram solid plutonium form, causing additional plutonium 
oxide to form. 
sure increase in the box that forces flame and plutonium-contaminated combustion 
products back through the open glove port into the room. The rapidly rising heat and 
gases from rhe oil fire on the floor, combined vith the effluents from the glove box, 
could be exhausted through the smoke grill near the ceiling into the room's air 
exhaust duct, through two stages of HEPA filters, and out to the atmosphere (refer to 
Figure 2.7 .1-2) .  

The gl<.*.e boxes in which the operations are conducted are inerted with 

This fire then ignites the elastomeric gloves, which are rapidly burned 

The speed at which the oil. i n  the box bums causes a localized ptes- 

f 

During the progress of the fire,  wet pipe sprinkler systems would have been 
rctfvated and heat sensors in the filter plenum would have activated cooling chamber 



sprays, lowering the exhaust air temperature below 2OO0F, and the filter would not be 
Jaaged. Once the gloves had burned off, the rapid in-rush of heat and air would 
activate additional alarms, and the glove box would be isolated from the conveyor by 
an automatic fire door. Fans in the nitrogen inerting system would cease recircula- 
ticn, nitrogen flow would be increased as controls attempted to restore the inert 
atmosphere, and the exhaust fan speed would increase in an attempt to maintain the 
pressure differential between zcnes. The reaction of the inerting, heatin: and 
ventilation control system creates a once-through system at a 50% increased f1.w 
rate, but all glove-box exhaust gases still pass through four stdges of HEPA filters. 
If temperatures of the plenum cooling chamber exceed 19C"F, the cooling-chamber water 
spray system would be actuated to cool the gases and protect the filters. 

The speed at which the glove-box ventilation system reacts to the fire is esti- 
mated to result Ln a 3 to 5-minute oeriod between sensing of the fire and full 
system actuation. 
system is activated by high room-air temperature, and a 2 to 3-minute perild would 
elapse between receipt of the alarms at the fire department control station and 
arrival OE the scene of fire department personnel. Thus, a period of 5 to 9-minutes 
would have elapsed before all automatic systems actuated to contain the fire arrd 
before fire department personnel arrived to extinguish the fire. 
this evaluation, it is assumed that in less tban three minutes, the glove box would 
have been breached, and 0.24% of the plutonium chips and 0.24% of the solid plutonium 
form would have become airborne and would have been forced out into the Loom. It is 
assumed that 50% of this total source p1ii;ies out on walls, rhct work, and other 
surfaces, resulting in 4.8 grams (0.35 curies) of piutonium aipha activity reaching 
the tw-stage, room-air, exhaust HEPA filters. This fractional amount of plate-out 
is consistent with the assumed plume deposition velocity for plutonium particulates 
of 0.001 m/sec and th'e deposition area available in typical production areas (100 m ). 

It is further assumed that the first HEPA filter stage achieves a 93.9% efficioncy, 
and the second stage has a 99.8% efficiency. (See Section 2.7.1 for data on HEPA 
filter efficiency.) 
stage, room-exhaust, HEPA filters. Thus, the release to the atmosphere would be 
approximately 0.70 'pCi of plutonium alpha activity. 

A 3 to 4-minute period would elapse before the room sprinkler 

For purposes of 

2 

This results in a decontamination factor of 500,COO for the two- 

Thd credibility of such a fire beginning and developing as described is highly 
questionable. The assumed piping systen failure is improbable and must occur without 
detection, either by failure of  the alamed level controls cn the oil storage tank or 

failure of operating personnel to notice the leak in their immediate work area. 
addition, an ignition source of sufficient energy and duration to ignite the oil must 
be present. The particular type of oil involved is a high-flash-temperature oil 
relected specifically to be difficult to ignite. In reality, the probability of thie 
sequence of events is veiy small, and the maximum credible fire accident as postulated 
is conservative. Additional conservatism is present in .the source term and mechanism 
by which the plutonium reaches the filters. 

In 

No credit is taken for scrubbing pluto- 
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nium out of the combustion gases by the room sprinklers or by ihe plenum-cooling 
chamber sprays. 
of that postulated. In addition, the amount of plutonium that becomes airborne and 
is dispersed into the room (assumed to be 0.24% each of the chips and the plutonium 
sphere) is consergative. 

These effects alone could reduce the saurce term to a small fraction 

3.2.2.5 Exp1os:’on 

The probability of a major explosion within the Rocky Flats facility is low, 
since there are no major sources of chemical explosive force within the facility. The 
components handled at the facility are, by themselves, insufficient to permit a 
nuclear explosion. The Plant makes only some parts of weapons and nes‘er has complete 
weapons on site. Unlike coiwentional, light-water-reactor reprocessing and fabrication 
facilities, tydrogen €.as is not used in furnaces nor in other major steps. Hydrogen 
is used in research activities, but the tctal amount of hydrogen invulved is rlot 
sufficient to produce an explosion whicri could destroy the building or breach the 
HEPA filter system. 

Other chemicals or materials that could potentially explode are available only 
in small quantities. The largest potential explosive force is that associared with 
the natural gas used in parts of the Rocky Flazs facility. Natural gas is not sup- 
plied to plutonium-handling glove-box systpms or other parts of plutonium processing 
areas. All high-pressure -.essels in plutonium-handling areas are lrcated in facilities 
that will Pontain any rupture in the pressure sysLem. It does no. appear credible, 
therefore, that an explosion could occur that would cause complete breaching of the 
containment system of a plutonium-handlipg building. 

1 Hinor explosions that would result in the release of some radioactive material 
to the environment are credible. Past releases from explosions (see Table 2.7.2-1)  
have been contained within the buildings. The largect of these releases was 10 pCi 
of plutonium alpha activity. Future releases from anv in-plant explosions are apt to 
be small. These explosions will not be of sufficient force to destroy the integrity 
of the HEPA filter system. On the basis of past history, the expecte.: explosion 
release term should be 10 pCi or less, with a likelihood of occurrence of somewhat 
under 0.2 per year being assumed. Releases larger than 10 pCi are possible, but 
quantities in excess o f  100 pCi are unlikely, given an intact HEPA filter system. 
Since no releases of this magnitude have occurrea from exp!,sions in approximately 25 
years o f  operating history, the likelihood o f  such an occurrence is apt to be less 
then 0.05 per year. The maximum credible explosion release is taken to he 1Ob pCi 
with a likelihood of 0.05 per year. 

Releases to the environment that might result from major fires initiated by 
explosions are included In the m%imum accidental release from fire as described in 
the previous section. 
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3.2.2.6 Criticality 

Although process configurations and administrative procedures are carefully 
designed and monitored with criticality control in mind, the formation of  a critical 
mass, accompanied by the evolutim of ionizing radiation and fission products, is 
always a possibility when handling plutonium or highly enriched uranium. The total 
number of fLssions for each of the 26 cri2icality accidents recorded in the litera- 
ture (AEC, 1971) ran es f r u  ~3 x 10’’ to 4 x 1019. Other evalcations have canserva- 
t ively selected *lo’’ fissions as representative (AEC. December 1974). None of tese 
recorded criticality accidents occurred at the Rocky Flats Plant. 
process plant accidents indicate that an inddvertant criticality is most likely to 
occur duriag those operations in which pll.tonium is processed in wlution. 

These rrpcrts of 

The systems ar.d processes at Rocky Flats were reviewed to determine the maximua 
probable and maximum credible criticalit;? accidents. Safety considerations end 
evaluations of processes and equipmenc directly related to criticality are discussed 
below. 
lated and evaluated. 

Ukximum credible criticality accidents for metal and solution are then postu- 
A maximum probable criticality accident is also described. 

lluclear Criticality Safe:y Considerations 

Givec the many system and adrcinistrative controls that exist st the Rocky Flats 
Plant, the likelihood of an accidental criticality is remote. Nuclear criticality 
safety is achieved by physically controlling the parameters that influence criti- 
Cali ty: mass, geometry reflect ion, interact ion, density , moderat ion, concent rat ion, 
and neutron absorbers (neutron poisons). The folli-wing are example+ of features and 
controls provided at Rocky Flats for preventing a criticality accident: 

1. 

2. 

3. 

A double-contingency criterion is used in which at least two unlikely 
and independent conditions must exist simultaneously before a critica- 
lity accident is possible. One exception, which is permitted within 
the limitations defined in ANSI N16.4, is the primary solution-storage 
tanks where Raschig rings (strong neutron absorbers) serve as the 
primary nuclear criticality control, and strict administrative proce- 
dures serve as the secrlndary method for criticality prevention. 
Wherever possible, the equipment shape and dimensions are such that 
material being processed cannot create a criticality hazard. If such 
prevention i s  not possible because of process requirements. strict 
administrative procedures and material limits serve as criticality 
controls . 
With few exceptions, glove-box floors are level and tt a common height 
to prevent accumulation of liquids and materials in low areas. Dams 
and drains are installed to prevent fissile material, if mixed with a 
liquid, from accumulating in an unsafe (critical) geometry. 
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4 .  

5 .  

6. 

7 .  

a. 

9. 

10. 

11. 

/' 

Curbs are installed at stairwells, elevator shafts, and doors to 
modules (rompartmentalized work areas). This prevents the entry of 
liquid contailring fissile material that might accumulate in an unsafe 
geome t f v  . 
Interaction be:t:.-+n fissile material in storage arrays is controlled 
by racks permanently positioned at safe distances from each other. 
Interaction during material transfer is controlled by carrier, container, 
and cart spacing design. 
Piping and tanks for Grocess liquid systems are designed to be safe 
€or the most reactive concentrations. No credit has been taken for 
the less reactive concentracions that are normally in the system. 
Safeguards such as carrier design, drains, and dams are provided for 
protection against criticality in the event of a fire. .Filter plenums 
are also provided with drains to Raschig-ring-filled tanks to prevent 
unsafe accumulations of sprinkler water. 
Ejeutron reflection is considere2 in the design of all process equip- 
ment. Full reflection by a liquid spill is prevented by criticality 
overflow drains and curbs. 
ment t c  be subcritical when normal reflection is combined with pos- 
siblc additional reflection. 
The c~ccidental introduction of moderating material (such as liquid 
from a broken line) i s  preventec by design, where necessary. Critica- 
lity analysis of each process area must demonstrate that safety is 
maintained; if there could be both moderation and reflection, the 
equipment murt remain safe under the combined effects. 
The inadvertent transfer of fissile solutions is prevented (or the 
criticality consequences are eliminated, depending upon the situatiork), 
by such devices as (1) check valves. (2 )  barometric legs, (3) overfill 
alarms with automatic shutoff, ( 4 )  locks, ( 5 )  safe geometry, and (6 )  
fixed nuclear poisons, such as Raschig rings. 
Strict administrative controls specify the handling procedures for all 
fissile material. Testing, monitoring, and enforced replacement 
schedules ensure the continued reliability of the protective devices. 
The Raschig-ring-filled vessels used for storing and handling fissile 
solution are on (1) a calibration inspection schedule, (2)  a Raschig 
ring inspection schedule, and ( 3 )  a gamma survey schedule to detect 
excessive material buildup. 

Criticality analyses must show the equip- 

The effectiveness of the system design and administrative controls for critica- 
lity safety is further demonstrated by the fact that there has never been a criticality 
accident of any nature at the Rocky Flats Plant. 
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Postulated Criticality Accidents 

At various stages of processing, plutonium is in the form of metal, dry or wet 
oxides tr other compounds, or solutions of various concentrations. 
processes and equipment involving the metal or solid forms are designed to meet the 
double-contingency criterion and that a criticality in these areas is not likely. 
For purposes of this EIS, however, a maximum credible metal criticality was assumed 
to result from the inadvertent stacking of plutonium metal ingots. The probability 
of a metal-stacking incident is reduced by strict administrative controls that limit 
the amount of material in an area. Also, carriers are used that cannot hold more 
than one ingot, and the dimensions of the carriers provide adequzte spacing in the 
event of abnornal conditions such as conveyor breakdown. 

Reviews show that 

The primary solution-storage tanks are the only equipment where the double 
contingency criterion cannot be oemonstrated to exist under all circumstances. 
Therefore, for a solution criticality accident analysis, that area was selected for 
the evaluation of the maximum credible nuclear excursion. In addition, since these 
tanks contain the largest volumes of fissile solution, an accidental criticality 
would produce more fissions than one occurring in a smallcr voluine. The hypothetical 
means by which Raschig-ring-filled vessels containing fissile solutions can become 
unsafe are: 

1. 
2.  
3. 

Formation of voids in the tank from settling or breaking of the ricgs. 
Placing a tank in service with insufficient Raschig ringp. 
An undetected slow buildup of a fissile sludge in a tank or slow 
deterioration of the rings, or both. 

Condition 1, alone, is not a credible means of causing an excursion because (a) 
the tempered-glass rings are unlikely to break and (b) past experience shows them to 
be longlasting. Tanks are reinspected and recalibrated every six months in order to 
check for settling of the rings, formation of voids, or sludge buildup. In addition, 
a sample of the Raschig rings is removed from the tank and tested for mechanical 
strength and boron content. 
periodic intervals to detect sludge buildup. 

The tanks are drained of solution and gamma-scanned at 

Conditicns 1 and 2 each would produce an excursion with similar characteristics 
--a spike or burst of fissions, followed by a slowly decreasing rate of solution 
boiling. 
the spike and the power level of the boiling solution would depend mainly on the 
volume of the solution and the rate at which the solution was pumped into the tank or 
the rate at which the rings settled. 
the tank would depend on the pumping rate and time required to shut the valves. 
the rings settled, the unpoisoned volume above thea critical volume would produce the 
same effect as volume added after criticality is reached. 

The excursion finally would be quenched by evaporation. The magnitude of 

The amount o f  additional solution pumped into 
If 
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Condition 3 would produce an excursion characteri ed by a slow rise in power 
(fission rate) over a period of hours. The rate of power rise would depend on the 
rate of ring deteriorction or sludge buildup, and the mignitude of the power would 
depend on the state of deterioration of the rings and tLe rate C C  heat transfer to 
the surroundings. 
personnel in the vicinity until a radiation monitor discovers an increase in background 
radiation level or the criticality alarm is sounded. 

The early stages 0 ;  this type of excursion mcv pass unnoticed by 

Estimates of the results of an excursion for the three coiiditions are based on 
the maximum fission-producing values of the follo%hg variabl-s: 
ing rate, solution concentratisn, degree of reflection, and sludge buildup or ring 
deterioration. 

tank volume, pump- 

The parameters of an excursion that are of importance in evaluating rne environ- 
mental consequences are: 

I. Total Fissions--this is the basis for the amount of radioactive 

2 .  
fission products created. 
"Steady State" Power Level--this determines the time factor (dilution) 
of the radioactive material released and the radiation level during 
the major part of the excursion time. 

For analytical purposes, the metal criticality was represented by the stacking 
of plutonium metal ingots. A calculation using the PAD code (described in Stratton, 
et al., 1971) gave the total number of fissions from this accident as 8 x this 
value was rounded up to 1 x 10l8. There could be vaporization of some of the pluton 
involved (a maximum of 500 g. assuming that all of the fission energy was used to 
heat and vaporize the metal and that the excursion was not terminated by disassembly 
A transmission factor of 2 x (see Section 3 . 2 . 2 . 4  and Section 2 . 7 . 1 )  was used 

um 

for the two-stage, room-air HEPA filters, assuming that the glove box would be breached, 
resulting in a release of (500) ( 2  x 10-6)=0.0C1 g of plutonium. 
for material deposited inside the building. 
th is  release was calculated using the ddta of Table 2 . 7 . 2 - 2 ,  and the americium activity 
was' taken as 20% of the plutonium alpha activity (see Section 2 . 7 . 2 ) .  

No credit was taken 
The plutonium activity represented by 

I 

The amounts of fission products created during the excursion were calculated 
with the ORIGEN code (Bell, 1973), using a fast (high energy) neutron spectrum. 
Based on a range of 5 to 30 complete changes of air per hour for a building, a value 
of 5 minutes was selected as the release time for fission products. Included in the 
release were fission products actually released at 5 minutes, as well as in-growth 
from nonreleased precursors, calculated using the data of Meek and Rider, 1974. 
Nuclides released in amounts less than 1 mCi were not included in the source tern, 
and 25% of the halogens and 100% of the noble gases were assumed to be released to 
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the environment (USNRC, April, 1977). 
vaporized in the same ratio as for the plutonium metal and to pass throuvh two stages 
of HEPA filters with a transmission factor of 2 x 

Solid fission products were assumed KO br 

The final source term for the hypothetical metal criticality accident is shown 
in Table 3.2.2-3. 

TABLE 3.2.2-3 
RADIONUCLIDE RELEASE FRGH A HAXIHUH CREDIBLE METAL CRITICALITY ACCIDENT 

Nuclide 
Br-82m 
Br-83 
Br-84 
Br-84m 
Br-85 
Br-86 
Br-86m 
Br-87 
Br-88 
Kr- 83m 
Kr-85m 
Kr - 87 
Kr-88 
Kr-89 
Kr-90 
1-130 
I-13Om 
1-131 
1-132 
1-133 

1.94 
1.23~10~ 
2.78 
5 . 5 5 ~ 1 0 ~  
8.35 
2.04~10-~ 
1.19x.10' 
2.68~10-~ 
7.60 
6.51 
3.75~10' 
2.40~10' 
4 .  49x102 
1.14~10~ 
2.63~10-~ 
8.38~10'~ 
2. 70x10-1 
3 0 2 ~ 1 0 ~  
4.20 

Nuclide 
1-134 
I-134m 
1-135 
1-136 
I-136m 

Xe-133 
Xe-133m 
Xe-135 
Xe-13Sr 
Xe-137 
Xe-138 
Xe-139 
Xe-140 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
kp-241 

1-137 

Rei;;;klA;i 1 

8.83~10~ 
1.28~10' 
1 .4Ox1O2 
2.25~10' 
1.00 
2.07 
1. 96x10-1 
2.63~10' 
1 .49x1G2 
2.03~10~ 
7. 77x102 

6. 7 4 x W 3  
1.70~10-~ 
5.81xlO-' 
1.34~10-~ 
4.44~10-~ 
1.18~10-~ 
1.46~10-~ 

1.11x102 

For the solution criticality, the maximum credible accident of  those evaluated 
muld result in a tntal of approximately 2.2 x lo2' fissions. 
tively assumed that no manual action was taken to stop the reaction and that nearly 
all of the 2200 liters o f  solution in the largest Raschig-ring-filled tank had to be 
evaporated. 
for t h e  metal criticality, except for the use of  a thermal (low energy) neutron 
spectrum. 
became airborne (USHRC, 1977). resulting in a release of  22 pg o f  plutonium. The 
corresponding plutonium and americium activities were calculated as for the metal 
excursion. 
dent is shown in Table 3.2.2-4. 

This analysis conserva- 

The fission product release was calculated using the same assum2tions as 

It was also assumed that 0.05% of the 22 kg of plutonium in the solution 
/ 

The complete source term for the hypothetical solution criticality acci- 
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TABLE 3.2.2-4 
RADIONUCLIDE RELEASE FROM A HAXIMUM CREDIBLE SOLUTION CRITICALITY ACCIDENT 

Nuc 1 i de 
Br-80 
Br-80m 
Br-82 
Br-82m 
Br-83 
Br-84 
Br-84m 
Br-85 
Br-86 
Br-86m 
Br-87 
Br-88 
Kr-83m 
Kr-85m 
Kr-87 
Xr-88 
Kr-89 
Kr-90 
1-128 
1-130 
I-130m 
1-131 
1-132 

Release (Ci) 
4.76xlO-’ 
2. ~ S X I O - ~  
3.13~10-~ 
1.17~1 O1 
3 . 5 2 ~ 1 0 ~  
2 . 3 6 ~ 1 0 ~  
0 . 6 0 ~ 1  O2 

1.63~103 
3.93~10-1 
3. 60x103 
8.35~10-I 
1 .38x103 
1 . 3 2 ~ 1 0 ~  
8. 3 1 ~ 1 0 ~  
5 . 3 6 ~ 1 0 ~  
1 .05x105 
2 . 6 4 ~ 1 0 ~  
6.75~10-I 
1.32 
1.67~10’ 

6 . 6 3 ~ 1 0 ~  

1. 12x1~4 

5.59x101 

h’ucl ide 
1-133 
1-134 
I-134m 
1-135 
1-136 
I-i36m 
I-137 
Xe-13lm 
Xe-133 
Xe- 133m 
Xe-135 
Xe-135m 
Xe-137 
Xe-138 
Xe-139 
Xe-140 
Pu-238 
Pu-239 
PU - 240 
Pu-241 
Pu-242 
Am-241 

Release (Ci) 
9. 59x102 
2 . 2 7 ~ 1 0 ~  
2. 03x104 
2 .73x103 
2.70~1 O4 
4.68~10~ 
1. 9Ox1O2 
1.12x102 
4 .  60x10L 

6 . 0 0 ~ ~ 1 ~  
4 . 9 9 ~ 1 0 ~  
4 . 5 0 ~ 1 0 ~  
1 .86x105 
1. 98x104 
1.24 
3 . 7 6 ~ 1 0 - ~  
1.28~10-~ 
2.96~ 10 -7 

2. S ~ X I O - ~ ~  
3.23~10 .7 

4.10x101 

9.74x10-6 

AS previously stated, all criticality accidents in processing plants involved 
fissile solscion rather than metal or some other solid compound (AEC, 1971). There- 
fore, the maximum probable criticality accident was chosen to be a solution critica- 
lity similar to the maximum credible solution criticality, except that the total 
number of fissions is 1 x 10l8 (a factor o f  220 smaller). The radionuclide release 
for the maximum probable accident may be calculated by dividing the values in Table 
3.2.2-4 by 220. 

The selection of the value 1 x 1OI8 for the total number o f  fissions was based 
on data from accidents which have occurred at other facilities, published recommenda- 
tions (USNRC, 1977; A E C ,  December. 1974), and data from the French CRAC experiments 
(dcorch; and Seale, 1973). These experiments have provided extensive and precise 
data concerning the consequences of criticality accidents. 

In addition to the release source terms given in Tables 3.2.2-3 and 3.2.2-4, a 
criticality accident would expose Plant personnel in the imucdiate vicinity 20 the 
prompt gamma and neutron radiation emitted by the fission burst. However, consider- 
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ing the geometric attenuation of this radiation, removal by interactions with air, 
and the low population density around the Plant (zero population up to 2 miles), the 
off-site population dose from direct radiation would be smaller than from the exposure 
to fission products by at least a factor of 0.001. 

Likelihood of Criticality A c c i d s  

There has never been a criticality accident at the Rocky Flats Plant. In sup- 
port of this statement, environmental sampling ha: never shown the presence of suffi- 
cient quantities of fission products to indicate a criticality accident. In the 
absence of any past history of criticalities, i t  is exceedingly difficult to estimate 
the probability of an accidental criticality in the Rocky Flats Plant. Factors that 
require consideration include the production flows of fissile material, the reacti- 
vity (measure of the deviation from a critical mass) at each station, the accessibi- 
lity of water moderator at each dry operation, the possibility o f  multiple batching. 
and the likelihood of ertors in flow routing. 

An estimate has been made of the probability of an accidental criticality in 
fuel fabrication plants (Selby et al., 1973). From four reported incidents relating 
to fuel fabrication operaticns, and the estimated 432 (increased to ~ 4 9 0  through 
1975) plant-years of production involving uranium and plutonium fuel fabrication, a 
probability of 4 x 
separate study of a general fuel reprocessing facility based on a fault-tree approach, 
the likelihood of criticality has been estimated to be approximately 3 x 
year. Hoxever, the larger value of 8 x per year will be used for the maximum 
probable criticality accident. The probability of a metal criticality is consider- 
ably smaller and will be taken as 8 x per year. The probability of the maximum 
credible solution criticality was estimated as -1 x lo-' per year, using a fauIt 
tree. To assure conservatism and to be consistent with the definition of credible, a 

probability of 1 x per year was used in the calculations. 

criticality accidents p e r  plant-year has been derived. In a 

per 

3.2.2.7 Aircraft Hazard 
I 

An ana?ysis of the hazards associated with potential aircraft crashes at the 
Rocky Flats site is contained in a Rocky Flats report (see Appendix E-1) .  This 
section summarizes the principal findings of that analysis. 

The probabilities of an aircraft crashing into any o f  the plutonium areas at 
Rocky Flats were found to be: 

/-- 

Large Aircraft: 
Small Aircraft: 

TOTU 

Probability of a Crash 
(per year) 
4.6  x 

2.9 x 10'' 
2.8  
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These values were determined by taking into account the air traffic operations 
associated with the Jefferson County (Jeffco) Airport (located approximately 5 miles 
from the site), the Stapleton InterKational Airport (located approximately 20 miles 
from <he site), long-distance flights passing over the site. and rotor craft opera- 
tions over the site. 
comprise not only the bulk of the likelihood of a crash, but also comprise the bulk 
of the hazard in terms of  expected yearly release quantities, even given the greater 
damage associated with large aircraft. 

Small aircraft operations from the close-in Jeffco Airport 

Should an aircraft strike a plutonium area at Rocky Flats, a release of radio- 
activity to the environment would occur only if all o r  part of the aircraft penetrates 
all barriers around the plutonium (walls, roof. ceiling, and other containment 
within the building) and if this is folloved by plutonium being entrained (prior to 
covering) by air currents and dispersed to the outside atmosphere. Taking into 
account the magnitude of the impact and the penetrability o f  the barriers, the proba- 
bilities of release of various amounts of plutonium were computed and are given in 
Table 3.2.2-5 (the probabilities include the likelihoods of crashes). Shown in Table 
3.2.2-5 are all crashes with likelihoods greater than loe7 per year; events with even 
smaller probabilities could occur, but they are outside of the credible range of 
events be;ng considered for this Environmental Impact Statement. 
weighted amounr released, given by the sum of the product of the amounts released and 
their probabilities, is approximately 27 pCi/yr. The largest credible rel'ease is 7.3 
curies, with an associated probabilrty of occurrence of 1.3 x 

The probability- 

per year. 

TABLE 3.2.2-5 
PROBABILITIES OF RELEASE OF VARIOUS AMOUNTS OF 

PLUTONiUH FROM AIRCRAF'I' CRASHES 

Amount o f  Plutonium Releaszd 
(grams) (curies) 
<0.5  (0 .04  

5 0.36 
10 0.73 

0.5-3 0.04-0.22 

15-25 1. @9-1.82 
50-70 3.64-5.09 
100 7.27 

Probability* 
Per Year 

3.9 
8.5 x 10-6 

3.4  
2.7 

1.3 

1.8 x 

5.8 x 

*Probability per year is based on discrete analysis of some 309 accider, pathways 
involving various quantities of plutonium. 

Restricted Air Space 

In 1975 the Federal Aviation Administration {FAA) conducted a study to determine 
if the production and storake of nuclear material or other potentially dangerous 
substances constitute justification for special use air space. They concluded that 
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the likelihood of an air crash releasing significant quantities of radioactivity from 
an ERDA (now DOE) facility is so small that it could be considered negligible. They 
stated that the minimum safe altitude requirements of FAR 91.9 provided an adequate 
degree of protection to ground operations in the event of an aircraft power failure. 
The subject of aircraft crash probabilities is covered in detail in Appendix E-1. 

- . 

ERDA pointed out that restricting air space would prevent flyovers from becoming 
commonplace. 
veillance flights o r  other intrusions. 
air space is designated or not, guard forces would be alerted whenever aircraft were 
detected at sufficiently low altitudes to cause a security concern. 
that, should such flights become commonFlace, numerous false alarms within the secu- 
rity system would likely render the alerts ineffective. 

This would increase the awareness of the guard force to possible sur- 
The FAA's position was that, whether prohibited 

They agreed 

The FAA asked ERDA to prov'de data on overflights. A study conducted at Rocky 
Flats from August 1 through September 11, 1976, indicated only four flights per day 
were less than 2,000 feet above ground level. 

The FAA judged that the number of flights below 2,000 feet was not sufficient to 
Thus DOE and FAA have concurred that safety of facili- justify prohibited air space. 

ties on the ground from hazards of overflying aircraft is not sufficient justification, 
and no further action to obtain a restricted air space at Rocky Flats is planned. 

3.2.2.8 Tornadoes 

Hypothetical accidents involving tornadoes can be-postulated that would cause 
the environmental release of radioactive materials. 
cate that the Rocky Flats location is such that possible tornadoes will not be of 
sufficient magnitude to cause loss of containment in major plutonium process build- 
ings. 

Studies to date, however, indi- 

A study for the Rocky Flats site (McDonald and Minor, 1972) has summarized 
"An investigation o f  the influence of the Rocky Colorado tornadoes as follows: 

Hountain Range on meteorological conditions at the Rocky Flats site revealed that the 
orographic situation can be expected to have direct influence on the occurrence and 
intensities of tornadoes at the site. Specifically, the presence of the mountain 
range and the altitude of the site above sea level can be expected to influence the 
amount of moisture present in the air, the rate of inflow or converging air layers, 
and atmospheric instabilities, all of which are related to the production of se.vere 
stoms and tornadoes. These meteorological and orographic considerations lead to the 
observation that tornadoes are less frequent and less severe in the areas immediately 
adjacent to the mountains. This observation is supported by statistical data on 
tornado occurrences and intensities for the State of Colorado." 
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Existing plutonium facilities at ~ o c k y  Flats have been designed to withstand 
maximum wind speeds of 100 to 150 rnph, and all buildings have a low profile, 2 stories 
or less, that will sinimize structural damage. 
100 mph experienced at the Rocky Flats site require exceptional Plant housekeeping 
and tie-down of materials that could beccme wind-blown missiles. 
reduce potential missile damage to structures. 
compartmentalized work areas, glove boxes, air filters, and plenums as containment 
barriers within each building. These features provide an added containment factor if 
8 building’s outer wall should fail o r  be penetrated; these barriers must also be 
breached if plutonium is to reach the environs. 

Seasonal chinook winds of 50 to over 

These precautions 
All plutonium processing areas have 

A recent Rocky Flats study (see Appendix E-1) indicates that theze is a small 
probability that a maximum site tornado might cause a release of 0.04 to 0.22 curies 
of  plutonium from some of the older buildinxs on site. 
bility ranging from 6.3 x 
a tornado, with a maximum release of 0.22 curies. 
most likely release of 0.07 curies with a probability of 1 x 
release o f  0.22 curie; with a release probability of 6.8 x loe8 was assumed*. 

, 

This study indicates a proba- 
per year of a release caused by per year to 1.0 x 

For purposes of this Statement a 
and a maximum 

3.2.2.9 High Winds 

As mentioned previously, the Rocky Flats facility is in a lo.2ation that experi- 
ences seasonal high winds (known as chinook winds in the area, but more properly 
classified as down-slope wind storms). Wiitd velocities o f  50 to about 125 mph have 
been measured at the Rocky Flats site. These winds have never resulted in signifi- 
cant structural damage to the Plant buildings, nor caused missiles to penetrate any 
of the buildings, nor resulted in contamination release to the environment. There 
exists, however, some probability that even higher winds could occur that would cause 
damage to some o f  the older buildings on site. A recent Rocky Flats study (see 
Appendix E-11, using a conservative, theoretical basis for estimating the likelihood 
o f  wind velocities higher than those measured at the site, has estimated the probabi- 
lities of an environmental release occurring as a result o f  high winds. This study 
indicates that, on the basis of extrapolations to high wind speeds, a wind speed of 
158 to 206 rnph could cause a release of 9 grams (0.65 curies) of plutonium with a 
probability of 9.2 x 10’’ per year. The most likely release would be 3 grams (0.22 
curies) with a probability per year of 2.7 x 10- . 
mates but have been used for this EIS. 

4 These releasr values are overesti- 

3.2.2.10 Earthquakes 

Evaluations of the geDlogica1, seismological, and geophysical characteristics of 
the Rocky Flats site were made to determine the potential earthquake exposure of the 

%e probability T t h e  maximum tornado release is slightly less than the cutoff 
value of 1 x 10’ ’. 

i i 
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Yost bui Ic l ings  . i t  thc. Rocky Fi.its P l c i n t  have been constructed i n  accordance with 
t h v  w i s n i i c  rrquirrnic*nt of the Ihifornr B u i l d i n g  Code in e f f e c t  at the time. However, 
t h v  iivk plutoniuni rcvovery m d  k . ~ s t t '  trwtmc-nt ! . i c i l i ty .  which was designed i n  accor- 
t1.inc-c- k i t h  the. more conservative seismic s i t e  c r i t e r i a  developed by Blume (Blume 1974). 

The I ~ ~ r f i e s t  ribcent earthquake in the Rocky F l a t s  area occurred in August, 1967, 
i n  t h t .  Rocky ?Iount,iIn Arscwal ,ired and had a 5.3 magnitude. The tremor was f e l t  a t  
Rocky F l . r t s .  hu c.iused no dnrnagc t o  any Plant buildings. I t  i s  expected that the 
Iuk pr.ofil(. .inti the s t r u c t u t - . i f ,  l a t e r a l  s t . ib i l i ty  provided by the wind design loading 

w i  1 I niiniiiiizr 51 ruc'lural ct.tm.igr c,aused by earthquake-induced loading. 

An f*\p,iludt ion o f  t-sist ing plutonium-hdndling buildings against the Blume c r i -  
tc*ri.i w i l l  be c.onduc.:c.d to  dctermine the seismic forces the b u i l d i n g s  can 
withstand. 
t i c . : .  t o  resist t h t .  s i t e  c r i t e r i a  seismic exc i ta t ion  o f  mdgnitude 6 .0  or any magnitude 
cwrthquakc h d v i n g  s imilar  c h a r a c t e r i s t i c s .  The resul t s  o f  t h i s  investigation w i l l  be 
inc~orpor,itcd i n  Safety A n a l y s i s  Reports. These documents wi l l  be published separa- 
t r l y  from t h c  EIS .md wil l  contain descriptions of each major f a c i l i t y .  

,111 o f  these buildings will  he studied to predict t h e i r  c a o a b i l i -  

Lrntlcr masimum credible earthquake conditions, a l l  so lar  evaporation ponds could 
be ruptured in addition to all holding ponds. 
t ions could enter Great Wcstcrn Reservoir. This worse-case accident has already been 
discussed, however, i n  Section 3 . 2 . 2 . 3 .  

Should that happen. a l l  waste solu- 

Additional seismological data are  being reviewed t o  determine whether any Of t h e  

conclusions presented i n  t h e  DEIS are incorrect  and to  determine w h e t h e r  t h e  data 
indicate any s i g n i f i c a n t  adverse environmental impact. 
study w i l l  be publical ly available upon completion. 
seismological study r e s u l t s  i n  conclusions s igni f i cant ly  d i f f e r e n t  than those s ta ted  i n  
the DEIS, t h e n  W E  w i l l  supplement t h i s  EIS.  

The result of t h i s  seismolofical 
Further,  i f  the findings Of the 
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3.2 .3  Accidental Release Summary 

Based on previously presented material, the total, expected, accidental release 
amounts and the related probabilities are summarized in Table 3.2.3-1. The table 
gives the maximum probable accident releases in addition to maximum credible accident 
releases as appropriate. 
tiplying the release amount by the associated probability of occurrence. All amoudts 
shown as microcuries o f  plutonium alpha activity were calculated using the plutonium 
isotopic composition given in Table 2.7.2-2. Besides the plutonium alpha 
activity, there will afso be plutonium-2hl beta activity and americium-241 alpha 
activity. 
included in all environmental dose assessments. 
activity is that given in the isoLopic composition listing in Table 2.7.2-2, while 
americium-241 activity was assumed to be equal to 20% of the total plutonium alpha 
activity. 
build up in any of Rocky F l a t s '  plutonium. For the one waterborne release, the 
americium and uranium activity arc shown separately in a footnote. 
composition of uranium in thv waterborne release is not known, but all uranium alpha- 
emitting isotopes of concern have nearly identical dose conversion factors; conse- 
quently a l l  ur.inium *as treated as uranium-238. 
release of fission products from criticalities. 

Expected annual release amounts are deterniined by mul- 

For brevity, these activities are not shown in Table 3.2.3-1, but were 
The amount o f  plutonium-241 beta 

The 20% value is about the maximunl amount of americium activity that could 

The exact isotopic 

Table 3.2.3-2 shows the expected 

The dose mcasuremcnts prcscntcd in the DtIS have heen recalculated and revised 
and the re:;ults arc prcscnted in this rliIS. lhc results of the recalculation confirm 
the finding prcscnted in the DEIS, namely, that the dose to the general population is 
very small and will result in no significant adverse environmental impact. Since this 
conclusion is the same as that arrived at in the DKIS, DOE has concluded that it would 
be unnecessary to distribute revised sect ions  for additional public review prior to 
finalizing the EIS. 

The assessment of the impact of accidentdl releases from the Rocky Flats Plant 
deals in two ways with the potential impact or1 persons living within 50 miles of the 
Plant. First, a "risk dose" was determined for individuals as a function of direc- 
tion and distance from the Plant, analogous to the values in Tdble 3.1.2-3 for rou- 
t ine  releases. The "risk dose," as defined for this Impact Statement, refers to the 
dose equivalent over 70 years which a person would receive from probability-weighted 
annual accidental releases. The risk dose is equal to the suin of the dose from the 
postulated release from each accident multiplied by the probability per year that 
each accidenL wighi occur. The concept of a risk dose is used to present an estimate 
of the risk to a person from the consequences o f  accidental releases, averaged over a 
period of time. 
releases unless an accidental release actually occurs. 

No member of the population will receive any dose from accidental 
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TABLE 3.2.3-1 
SUUURY OF EXPECTED ANNUAL RELEASES OF PLUTONIU 

FRon POTENTIAL ACCIDENTS AT ROCKY FLATS 

Release Mechanism 

h u n t  of Haterial 
Released* Probability Expected Annual Release 

(pCi of plcionirn of Release (pCi/yr of plutoniu 
alpha activity) @r year1 a l p h a  activity) 

#hximm Probable Spill Incident 10 (sir) 
*iW Credible Spill Incident 100 (air) 
Haximu Probable Mechanical Failure 1,000 (air) 
Haximu Credible Mechanical Failure 20,000 (air) 
fokl Impoundment Failure** 87,000 (water) 
kimu Probable Fire 0.7 (air) 
kiw Credible Fire 0.7 (air) 
)laximu Probable Explosion Event 10 (air) 
Haximu Credible Explosion Event 100 (air) 
)laximu Probable Critical tty *** 0.007 (air) 
Maximum Credible Solution Criticality*** 1.6 (air) 
Haximu Credible Metal Criticality*** 73.2 (air) 
Typical Aircraft Accident 
)laxiaua Credible Aircraft Accident 
bximum Probable Tornado Release 
Waxfausl Credible Tornado Helease 
Maxfmua Probable Wind Release 
k f m u  Credible Wind Release 

4.4 x lo5 (air) 
7.3 x lo6 (air) 
7.3 x lo4 (air) 
2.2 x lo5 (air) 
2.2 x lo5 (air) 
6.5 x lo5 (air) 

0.5 5 (air) 
0.05 5 (air) 
0.05 50 (air) 
0.005 100 (air) 
0.01 870 (water) 
0.0001 7 x (air) 
0.0001 7 x 10'~ (air) 
0.2 2 (air) 
0.05 . 5 (air) 
0.008 5.8 x 10'' (air) 
1 x ld7 1.6 x (air) 
0.0008 0.059 (air) 
0.00006 i6 (air) 
1.3 x 0.95 (air) 
1.0 x loe7 0.007 (air) 
6.8 x ;O" 0.015 (air) 
2.7 x 60 (air) 
9.2 x l d 5  60 (air) 

Total 314 (air) 
870 (water) 

4850 uranium, 
fission products 

from Table 3.2.3-2. 
and Pu-241 and An-241 

(plus e20 americiu, 

activity) 

"The beta activity of Pu-241 and the alpha activity of Am241 wen also included in the dose 

**An iinpouncbent failure would also release 82,000 pCi of awriciu and 485,000 pCi of uraniu. 
calculations although they are not shown in this swMlry table. 

***Fission products would also be released from a criticality. See Tdble 3.2.3-2 for the expected 
annual release. 
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TABLE 3.2.3-2 

FROM POTENTIAL CRITICALITY ACCIDENTS AT ROCKY FLATS 
SUMMARY OF EXPECTED ANNUAL RELEASES OF FISSION PRODUCTS 

Nuclide 
Br-80 
Br-8Om 
Br-82 
Br-82IP 
Br-83 
Br-84 
Br-84m 
Br-85 
Br-86 
Br-&6m 
Sr-87 
Br-88 
Kr-83m 
Kr-85m 
Kr-87 
Kr-88 
Kr-89 
Kr-90 
1-128 
1-130 
I - 1 33s 
1-131 
1-132 
1-133 
1-134 
1-134m 
1-135 
1-136 
I-136m 
1-137 
Xe-13lm 
Xe-133 
Xe-133m 
Xe-135 
Xe- 135m 
Xe-137 
Xe-138 
Xe-I39 
Xe-140 

Expected Release* 
(Ci r) -+ 1.74 x 10 

1.04 x 10:; 
1.14 x .XO 

1.44 x 

2.63 x 

6.61 x 10 
1.60 x 10:: 
1.41 x 10 

5.64 x 10:; 
5.33 x 10 

2.15 x 10 
4.19 
1.05 x lo-: 
2.46 x 1015 
5.02 x 10 

2.25 x 10:: 
2.66 x 10 

9.09 x 10:: 
8.11 x 
1.10 x 10 

4.50 

9.59 x lo-* 
4.53 x 10:; 

3.33 x 10:: 

3.26 

6.76 

3.83 x 10-2 

1.10 

7.73 x 
4.08 x 10 
1.84 x 10:; 
1.65 x 10 
2.40 x 10" 

1.89 x 10:: 

1.94 

1.40 
8.11 x 10-1 
1.80 x lo1 

5.06 

rThe expected release (release x probability of release) values in :hi? bl.unn were 
obtained by multiplying the releases from the maximum credible metal criticality 
in Table 3.2.2-3 by 0.0008. the releases from the maximum credible solution 
criticality in Table 3.2.2-4 by 1 x lo-', and the releases from the maximum 

8.008 and summing the three products. 
robable criticality accident. (the values in Table 3.2.2-4 divided by 220) by 
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TABLE 3.2.4-1 
70-YEAR RISK DOSE TO REFERENCE MAN FROM POSTULATED ACCIDENTAL RELEASES 

Direc- Distance - tion (miles) 
N 2-3 

3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

"E 2-3 
. 3-4 

4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

NE 2- 3 
3-4 
4 .5 
5-10 
10-20 
20-30 
30-40 
40-50 

ENE 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

, 

TotLl Bcd: 
1.5 x lo-& 
7.6 10'~ 
4 . 5  10'~ 
3.0 10-5 

1.2 x 10-6 
8.1 10-7 

7.8 10'~ 
4.7 10'~ 
3.1 10-5 

1.2 x 10-6 
8.4 

3.8 10-4 
1.9 
1.1 
7.4 
1.9 10-5 
5.5 x 10-6 

2.0 x 10-6 

4.6  
2.2 

6.1 10-4 
2.3 10'~ 

3.5 x 10-6 

7.9 x 
2.2 x 

1.6 x 

8.2 x 

2.3 x 

3.0 x 

6.6 x 

6.6 x 

2.4 x 

Organ Risk Dose (rem) to Reference Han 
Liver 

5.1 x 10-3 
2.8 10-3 
1.8 10-3 
1.4 10-3 
5.2 
2.1 
1.3 
9.2 

5.3 10-3 

1.9 10-3 

5.4 
2.2 
1.4 
9.6 

1.2 x 10-2 

4.5 10-3 
3.3 10-3 
1.3 10-3 
5.3 
3.2 
2.3 

1.5 x 10-2 
8.2 10-3 

7.1 x 10-2 
1.5 10-3 
6.3 
3.9 
2.7 

2.9 x loa3 

1.4 x lom3 

6.8 x 

7.2 x 
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Bone 
1.1 x 10-2 
6.2 10-3 
4.1 10-3 
3.0 10-3 
1.2 10-3 
4.8 
3.9 10-4 
2.1 

1.2 x 10-2 
6.4 10-3 
4.3 10-3 
3.1 10-3 
1.2 10-3 
5.0 
3.1 10-4 
2.2 

2.8 x 
1.5 x 
1.0 x 10-2 
7.4 10-3 
2.9 10-3 
1.2 :o-3 
7.2 
5.1.~ 

3.3 x 10-2 
1.8 x 
1.7 x 10-1 
1.6 x 10-1 
3.5 10-3 
1.4 10-3 
8.7 
6.2 

e% 
2.7 10-3 
1.8 10-3 
1.3 10-3 
5.0 10-4 
2.1. 10-4 
1.2 
8.9 10-5 

5.1 10-3 
2.8 10-3 
1.8 10-3 
1.3 10-3 
5.2 10-4 
2.2 
1.3 10-4 
9.2 10-5 

1.2 x 10-2 
6.7 10-3 
4 . 4  10-3 
3.2 10-3 
1.2 10-3 
5.1 10-4 
3.1 10-4 
2.2 

1.4 x 
8.0 x 10'' 
5.8 10-3 
4.4 10-3 
1 5 10-3 
6.2 
3.7 10-4 
2.6 

1.9 
1.2 
8.3 10'~ 

9.0 x 10-6 
5.0 x 10-6 

2.7 x lo-' 

3.3 x 

3.8 
1.9 x lo-& 
1.2 10-4 
8.6 x 10" 
2.9 10-5 
9.3 x 10-6 

3.5 x 10-6 
5.2 x 

8.9 
4 . 6  
2.9 
2.0 10-4 
6.5 10-5 
2.2 10'~  
1.2 x 10'5 
2.2 x 10-6 

1.1 10-3 
5.6 
8.7 
7.7 
7.9 10-5 
2.7 10-5 

9.9 x 10-6 
1.5 x 10" 



rec- Distance - on (miles) 
E 2-3 

3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

SE 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

iE 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

E 2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

I -- 

TABLE 3.2.4-1 (Continued) 

v 5.9 x 10 

2.9 
1.7 10-4 
1.1 
3.0 
8.5 x 
4.6 x lo-' 
3.1 x 

7.3 
3.5 10-4 
2.1 10-4 
1.4 
3.7 1 0 ' ~  
1.0 10-5 
5.6 x 
3.8 x 

5.6 10-4 
2.8 
1.6 
1.1 10-4 
2.9 

4.4 x 10-6 
8.1 x 

3.0 x 

4.5 10-4 
2.2 10-4 
1.3 
8.7 10-5 
2.3 10-5 

3.5 x 10-6 
6.4 x 

2.3 x 

Organ Risk Dose (rem) to Reference Man e% Liver Bone 
1.9 x 10-2 4.3 x 10-2 

5.2 1.2 5.0 10-3 
2.0 10-3 4.0 10-3 1.9 10-3 
8.2 1.8 10-3 7.9 
5.0 1.1 10-3 4.8 
3.5 8.0 3.4 

1.1 x 2.4 x 1.0 x 
7 . 0  x 1.6 x 6.8 x 

7.2 
4.5 
3.2 
1.0 
3.4 
1.9 
1.3 

2.4 x 5.3 x 2.3 x 1.7 x 
1.3 x 2.9 x 1.3 x 8.8 x 
8.6 x 1.9 x 8.3 x 5.5 x 
6.3 1.4 6.1 10-3 3.9 
2.5 10-3 5 .5  10-3 2.4 1.2 IO-& 
1.0 2 . ;  10-3 9.7 4.2 10-5 
6.1 1.4 10-3 5.9 2.3 10-5 
4.3 9.8 4.2 1.6 10-5 

1.8 x lo'* 4.1 x 1.8 x 1.3 x 
1.0 2.3 9.8 10-3 6.9 
6.7 x 1.5 6.5 10-3 4.3 
4.9 1.1 4.7 10-3 3.0 10-4 
1.9 10-3 4.3 10-3 1.8 10-3 9.7 10-5 
7.8 1.8 10-3 7.6 10-4 3.3 10-5 
4.7 lo-$ 1.1 10-3 4.6 1.8 10-5 
3.4 7.6 3.2 1.2 10-5 

1.5 iom2 3.3 1.4 1.0 10-3 
8.0 1.8 7.8 10-3 5.4 10-4 
5.3 1.2 5.1 10-3 3.4 10-4 
3.9 8.7 10-3 3.8 2.4 10-4 
1.5 10-3 3.4 10-3 1.5 10-3 7.7 10-5 
6.7 1.4 10-3 6.0 2.6 10-5 
3.8 8.5 3.6 1.4 10-5  
2.7 6.1 2.6 9.7 10-6 
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TABLE 3.2.4-1 (Continued) 

Direc- Distance 
tion 

S 
- 

. .. 
-.. . 

ssw 

sw 

WSW 

(miles) 
2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

2-3 
3-4 
4-5 
5-10 
10-20 
20- 30 
30-40 
40-50 

2- 3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

s 4  

1.8  
1.1 
7.1 10-5 
1.9 10-5 

1.9 x 10-6 

3.3 10-4 
1.5 10-4 
9.7 
6.4 
1.7 
4.7 x 10-6 

5.2 x 
2.8 x 

2.6 x 
1.7 x 

3.6 
1.8 
1.1 
7.0 
1.8 1 0 ' ~  
5.1 x 10-6 

1.9 x 10-6 

1.9 
9.2 
5.5 
3.7 1 0 ' ~  

1.5 x 10-6 
9.8 

2.8 x 

9.6 x 
2.7 x 

Organ Risk Dose (rem) to  iteference Man 
Liver 

1.2 x 10-2 
7.1 
4.3 
3.2 10-3 
1.2 10-3 
5.0 
3.1 
2.2 

1.1 x 10-2 
5.7 10-3 
3.9 
2.9 
1.1 
4.6 
2.8 
2 .0  

6.4 
4.3 
3.1 
1.2 10-3 
5.0 
3.0 
2.1 

6.1 
3.4 
2.2 
1.6 10-3 
6.4 
2.6 
1.6 
1.1 

1.2 x 

Bone 
2.7 x 
1.5 x 10-2 
9.7 10-3 
7.1 10-3 
2.8 10-3 
1.1 10-3 
6.9 
4.9 

2.4 x 
1.3 x 
8.8 x lo-?-  
6.5 10-3 
2.5 10-3 
1.0 10-3 

4.5 10-4 
6.3 x 

2.6 x 
1.4 x 
9.6 10-3 
7.0 10-3 
2.7 10-3 
1.1 10-3 

4.9 

7.6 10-3 
5.0 10-3 
3.7 10-3 
1.4 10-3 
5.9 
3.6 
2.5 

6.8 x 

1.4 x 

* 
6.4 10-3 
4.2 10-3 
3.1 10-3 
1.2 10-3 
4.9 
3.0 
2.1 

1.0 x 10-2 
5.5 10-3 

2.8 13-3 
1.1 10-3 
4.5 
2.7 
1.9 

6.3 
4.1 
3.0 10-3 
1.2 10-3 
4.8 
2.9 
2.1 

5.9 10-3 
3.3 
2.2 10-3 
1.6 10-3 
6.1 
2.5 
1.5 
1.1 

3.8 x 10" 

1.1 s 
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* 
4.4 
2.4 
1.9 
6.3 
2.1 10-5 
1.2 1 0 ' ~  
7.9 x 10-6 

7.8 
4.0 
2.5 
1.8 
5.7 
1.9 
1.0 
7.1 x 

8.4 x 
4.4 
2.8 
1.9 I G - ~  
6.2 
2.1 
1.2  IO-^ 
7.8 x 

4 
2.3 
1.4 
1.0 
3.2 
1.1 1 0 ' ~  
6.1 x 
4.1 x 



I 
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TABLE 3.2.4-1 (Continued) 

Di rec - 
tion 
W 

.__ 

VNW 

Nw 

"W 

/- 

/" 

Distance 
(miles) 
2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

2-3 
3-4 
4-5 
5-10 
10-2c 
20-30 
30-40 
40-50 

2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

2-3 
3-4 
4-5 
5-10 
10-20 
20-30 
30-40 
40-50 

5.3 
3.2 
2 . 1  10-5 
5.5 x 10-6 

8.3 10-7 
5.6 10-7 

8.3 10-5 
4.9 
3.3 

1.5 x 

1.7 x 13'4 

8.6 x 
2.4 x 
1.3 x 
8.8 10-7 

3.1 10-4 
1.5 10-4 
9.0 
6.0 10-5 
1.5 
4.4 x 10-6 
2.4 Y 

-.6 x 10- 6 

2.2 
1.1 
6.3 10-5 
4 . 2  10-5 
1.1 10'~ 

1.1 x 10-6 

3.1  x 
2 .7  x 10- 6 

3.5 
1.9 10-3 
1.3 10-3 
9.4 
3.7 
1.5 
9.1 
6.4 10-5 

5.5 10-3 
3.0 10-3 
2.0 10-3 
1.5 10-3 
5.7 
2.3 
1.4 
1.0 

1.0 x 10-2 
5.6 10-3 
3.7 10-3 
2.7 10-3 
1.0 10-3 
4.3 

1.8  IO-^ 

7.1 10-3 
3.9 10-3 
2.6 10-3 
1.9 
7.3 
3.0 
1.8 
1.3 

2.6 x lo-' 

Organ Risk Dose (rem) to 
Liver Bone 

7.9 x 10-3 
4.3 10-3 
2.9 10-3 
2.1 
8.2 
3.6 
2.0  IO-^ 
1.5 

1.2 x 10-2 

4.5 10-3 
3.3 
1.3 10-3 
5.2 
3.2 
2.3 

1.2 x 10-2 
8.2 
6.0 10-3 
2.2 
9.7 
5.9 
4.2 

3.7 10-3 
5.7 10-3 
4.2 10-3 
1.6 10-3 
6.7 
4.1 
2.9 

6.8 x 

2.3 x 

1.6 x 
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Reference Man 
Lungs - 

3.4 x 10;3 
1.9 
1.2 
9.1 
3.5 
1.4 

6 . 2  
8.7 x 

5.3 x 10-3 

1.9 
1.4 10-3 
5.5 
2.3 
1.4  IO-^ 
9.7 

2.9 x 10" 

9.8 10-3 
5.4 
3.6 
2.6 10-3 
9.6 
4 . 2  
2.5 
1 . 8  )I 

6.8 x 
3.8 10-3 
2.5 
1.8  10-3 

2.9 
1.7 
1.2  IO-^ 

7.0 x lo-' 

Th roid 
--y- 

8 . 3  
6.0 10-5 

6.3 x 10-6 
3.5 x 10-6 

4.0 x lo-6 
2.1 
1.3 
9.0 10-5 
2.9 10-5 

5.4 x 10-6 

7.3 
3.8 
2.4 
1.7 
5.1 10-5 
1.8 10-5 
1.0 10-5 

5.1 
2.6 
1.6 
1.2 
3.7 10-5 

2 . 5  x 10 
1.3 x 

1.9 s IO" 

2.3 x 

9.8 x 10" 

3.6 x 

6.7 x 

1.3 x 10" 
7.0 x 
4.6 x 

, , 



3.2.4.2 Irpact of Haximum Credible Accident 

An assessment more pertinent than the hypothetical risk dose is the assessment 
of the consequences to downwind persons if an accidenial release were actually to 
occur. 
accidents, for which the source terms are presente.j in Table 3.2.3-1, column 2, and 
in Table 3.2.3-2. 
the maximum credible accidents is presented in Table 3.2.4-2. 

This assessment is considered here for each of the types of maximum credible 

The 70-year dose commitment to reference man downwind from each of 

Each release was considered to occur under dispersion conditions represented by 
Pasquill E stability category with a wind speed of 3.0 meters per second. These 
dispersicn conditions are conservative, even for releases caused by high winds o r  
tornadoes. The values in Table 3.2.4-2 pertain to the centerline of the plume and, 
therefore, are the maximum doses for a person encountering the plume. 
na credit is taken for changes in the terrain downwind from the Plant or for deple- 
tion of the plume by fallout. 

/' 

Additionally, 

, 

<-- 

The dose values at a distance of 1.2 miles represent the dose to the maximum 
The food he eats was individual, who was considered to be at the Plant boundary. 

also considered to be produced at the Plant boundary. 
control of affected food and other agricultural products was assumed if the dose to 
the thyroid via the food pathway would exceed 1.5 rem for maximum intake for the 
infant, as proposed by the Food and Drug Administration (USHFW, 1978). The food 
affected by the maximum credible solution criticality would be controlled within 
50 miles downwind and out to 30 miles for the maximum credible metal criticality 
accidenl, based on the proposed FDA criterion (when thk altitude of the terrain 
relative to the release point is not included in the consideration of the dlume 
dispersion). 
Flats," described in Section 2.11.4, calls for food and agricultural control when the 
dose to the thyroid ;for all pathways) exceeds 25 rem. 

For the criticality accidents, 

The State of Colorado "Radiological Emergency Response Plan for Rocky 

Of the postulated maximum credible accidents, the greatest impact results from 
the aircraft crash, for which the bone dose ranges from 690 rem for the maximum 
individual :o 5.8 rem to a reference man living 40 miles downwind. 
are the criticality accidents, from which releases of the isotopes of iodine can 
result. in significant thyroid doses. 
to the adult reference man ranges from 10 rem at 1.2 miles to 0.034 rem at 40 miles, 
assuming that affected food supplies are controlled. 
controlled, the thyroid dose to the adult reference man who produces nearly all his 
own food, especially milk, would range from 4300 rem at 1.2 miles to 38 rem at 40 miles 
downwind. Almost 80% of this dose results from intake of affected milk and 17% from 
above-ground vegetables. For the calculation of the dose from the food pathway, the 
release was assumed to occur at a time which allows a maximum transfer to man for 
each type of food. 

Also of interest 

For the solution criticality the thyroid dose 

If the affected food is not 



TABLE 3.2.4-2 
THE 70-YEAR ORGAN DOSE COWITHENTS TO REFERENCE UAN DOWNWIND 

FROM POSTULATED MAXIMUM CREDIBLE ACCIDENTS 
(Dose at the Centerline o f  the Plume and at the same Altitude as the Plant) 

Distance 
Downwind 

Accident Type (miles) 
ipill * 1.2 

2 
3 
4 
5 
10 
20 
30 
40 

echanical Failure * 1.2 
2 
3 
4 
5 
10 
20 
30 
40 

70-Year Organ Dose Commitment (rem) 
Liver Bone 

T*5 3.8 9.4 x 10-3 
1.4 1.7 10-3 4.2 10-3 
7.6 9.3 2.3 10-3 
5.1 6.2 1.5 10-3 
3.7 4,s 1.1 10-3 
1.5 1.8 4.4 

3.6 4.4 1.1 
2.6 3.2 7.9 

6.0 x 10'' 7.3 x 10'' 1.8 x 

* 
1.0 10-3 

3.7 
2.7 
1.1 
4.4 
2.7 
1.9 

5.6 x 

6.2 10-3 7.5 10-1 
2.8 10-3 3.4 10-1 

1.0 10-3 1.2 10-1 
7.4 10-4 9.0 10-2 

1.2 1.5 10-2 
7.3 8.9 10-3 
5.2 6.3 10-3 

1.5 x 1.9 x 10-1 

2.9 x 3.6 x 

1.9 4.3 x 10-1 
8.4 x 10-1 
4.6 x 10" 
3.1 x 10-1 7.4 x 
2.3 x 10-l 5 . 4  x 

8.9 x 2.1 x 

3.6 x lo'* 8.7 x 

1.6 x 3.8 x 

2.0 x 10-1 
1.1 x lo-' 

2.2 5.3 10-3 

npoundment Failure 1.2 - - - - 
3 

* 4  
5 
10 
20 
30 
40 

I .re * 1.2 
2 
3 
4 
5 
10 
20 
30 
40 

aximum individual. 

c - - - 
1.4 x 1.6 x 10-1 4.0 x lo-' 1.4 x 
1.4 x 1.6 x 10-1 4.0  x 10-1 1.4 x 

2.2 x loS7 2.6 x 10" 6.6 x 1.5 x 

5.3 x 6.5 x 10" 1.6 x 10'' 3.9 x IOW6 
3.5 x loe8 4.3 x 1.1 x 10'' 2.6 x 
2.6 x 3.2 x 7.9 x 1.9 x 

9.6 1.2 10-5 2.9 7.0 10-6 

1.0 1.2 10-6 3.1 10-6 7.4 10-7 
4.2 10-9 5.1 1.3 3.1 10-7 
2.5 2.2 7.8 1.9 10-7 ,/" 

-. - 
1.8 x 10'' 2.2 x 5.5 x 1.3 x 
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TABLE 3.2.4-2 (Continued) 

---- 
Distance 
Downwind 

Accidert Type (miles) 
Explosion f 1.2 

2 
3 
4 
5 

10 
20 
30 
40 

MAlrCraft Impact * 1 . 2  
2 
3 
4 
5 

10 
20 
30 
40 

Tornado 

High Wind 

* 1 . 2  
2 
3 
4 
5 

10 
20 
30 
40 

* 1.2 
2 
3 
4 
5 

10 
20 
30 
40 

70-Year Organ Dose Commitment (rem) 
Total Bod Liver Bone -* 3.1 x 10 3.8 10-3 9.4 10-3 
1.4  1 . 7  10-3 4.2 

3 . 7   IO-^ 4 . 5  1.1 10-3 
1.5 1.8 4.4 
6.0 1 0 ' ~  7.3 1 0 ' ~  1.8 x 
3.6 4.4 1 . 1  
2.6 3.2 10-5 7.9 

7.6 x 9.3 x 2.3 x 
5.1 x 6 . 2  x 1.5 x 

2.2 
1.0 

5.6 x 10-l 

2.7 x 10" 
3.7 x 10'1 

1.1 x lo-'' 
4.4 x 10'2 

1.9 x 10-2 
2.7 x 

270 
120 
68 
45 
33 
13 
5.3 
3.2 
2.3 

6.8 x 8.3 
3.0 x 3.7 
1.7 x 2.0 
1.1 x 10-2 1.4 
8.1 10-3 1 .0  
3.2 3.9 10-l 

5.7 7.0 

9.0 x 10-2 11 

1.3 x 1.6 x 10-1 
8.0 x 9.8 x 

2.0 x 10-1 24 

5.0 x 6.1 
3.3 x 10-2 4.0 
2.4 x 2.9 
9.4 10-3 1.2 
3.9 10-3 4.7 10-1 

1.7 2.1 IO-l 
2.4 x 2.9 x lo-' 

690 
310 
170 
110 
82 
32 
13 
8.1 
5.8 

21 4.8 
9.2 2 . 2  
5.0 1.2 

2.5 6.0 x 10-1 
2.3 x 10" 

3.4 8.1 x 10-1 -1' 

9.6 x 10" 
4.0 x 10" 9.6 x 
2.4 x 10-l 5.8 x 
1.7 x 10" 4.2 x - 

61 
27 
15 
10 
7.3 
2.9 
1.2 

7.1 x 1O - I  
5.1 x 10-l  

I 

*Maximum individuar. 
*See Table 3.2.4-4 for the effect of altitude toward t h e  most populated sector. - 

- .. 
\ 

3-84 

160 
74 
41 
27 
20 

7.8 
3.2 
1 .9  
1.4  

-. 
14 
6.5 
3.6 
2.4 
1.8 

6.9 x 10-l 
2.8 x 10-l 
1.7  x lo-' 
1.2 x 10-1 



-,-- 

Distance 
Accident Downwind 

Type (miles) 
Solution * 1.2 
Criticality 2 

3 
4 
5 

10 
20 
30 
40 

Metal * 1.2 
Criticality 2 

3 
4 
5 
10 
20 

*** 30 
+** 40 

TABLE 3.2.4-2 '(Continued) 

Total Body 
4.4 
1.8 
0.85 
0.50 
0.33 

7.9 x 10-2 
1.9 x 10'2 
9.6 10-3 
6.3 10-3 

70-Year Organ Dose Commitment (rem) 
Liver Bone Lungs 
4.4 4.4 5.1 
1.8 1.8 2.1 
0.85 0.85 1.0 
0.50 0.50 0.60 
0.33 0.33 0.40 

7.9 x 10'2 7.9 x 10-2 0.10 

9.5 9.6 10-3 1.4 10-2 
1.9 x 1.9 x 2.7 x 

6.3 x 6.3 x 8.8 x 

1.9 x lo'? 2.0 x los2  2.2 x 2.3 x lo'* 

3.7 x 4.0 x 4.5 x 4.6 x 
7.6 8.2 9.1 10-3 9.3 10-3 

2.2 10-3 2.4 10-3 2.7 10-3 2.8 10-3 
1.4 1.6 1.8 10-3 1.8 10-3 
3.5 4.1 5.1 5.0 

4.3 5.9 7.7 6.2 

8.6 x 1.1 x 1.5 x 1.4 x 
6.4 x lo" 8.6 x lo" 1.1 x 9.2 x 

*Haximum individual. 
*KO food control at these distances. 

Thyroid 

4.4 
2.3 
1.4 
0.97 
0.31 

10 

9.8 x 
5.2 x 
3.4 x 10-2 

4.5 x 10-2 
2.0 x 10'2 
l.@ x lo-2 
6.3 10-3 
4.4 10-3 
1.4 10-3 
4.4 
1.2 x 10'2 
8.3 10-3 
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Doses to other individuals in the populati’n can be derived from the values for 
refarence man by consideration of the values in Table 3.2.4-3, which presents the 
ratios of the 70-year dose commitments from acute releases to individuals exposed as 
newborn males and females, as 10-year old males and females, and as adult females, to 
that for reference man. For accidents other than criticalities and impoundment 
failures, greater than 99% of the dose to all the organs results from the inhalation 
pathway. The values for inhalation, therefore, are the controlling values. The high 
values for the newborn male and female for the ingestion pathway result from an 
increased absorption from the gastrointestinal tract by a factor of 100 during the 
first year for plutonium and americium, follpwing the considerations o f  the EPA 
(USEPA, 1977). Since the ingestion pathway contributes less than 1% of the dose for 
exposures to plutonium and americium, increasing this contribution by a factor of 30 
for the newborn female increases the total organ dose by less than a factor 1.30. 
Similarly, for the newborn male the total organ dose is less than a factor Of 1.25 
greater than that for reference man for exposures to plutonium and americium. 
Therefore, it can be inferred that the dose values for reference man represent a 
reasonable assessment of the dose received by any other category of individual from 
ecuie releases of plutonium and americium. The high values for the thyroid of the 
newborn male and female for both inhalation and ingestion result from an increased 
metabolism of iodine during the first year by a factor of 2 . 3 .  
a 70% uptake by the thyroid of the infant (USHEW, 1978) compared t o  a 30% uptake by 
the thyroid of reference man (ICRP, 1959). The contribution to the total dose to the 
thyroid from the postulated criticality accidents is in the range of 60% to 70% from 
inhalation, 25% to 32% from plume shine irradiation, 5% to 7% from ground plane 
irradiation, and less than 1% from water ingestion, if the affected food is controlled 
and not available for consumption. 
compared to reference man is about 1.34 for the newborn male and 1.26 for the newborn 
female. I f  the affected food were not controlled. the ingestion pathway would contri- 
bute more than 99% of the thyroid dose, and the thyroid dose to infants would be 5.76 
times the thyroid dose of reference man for the newborn male and 5.24 for the newborn 
female. 

This factor reflects 

The total ratio of the thyroid dose to infants 

l TO determine the possible impact to populations from the maximum credible re- 
lease, the wind was considered t o  blow toward the sector kith the maximum population. 
This is the southeast sector, the one towards Denver. To obtain mor3 reasonable 
dispersion values, the altitude of  the Plant relative to that for this sector was 
considered, as well as Pasquill stability category D in addition to category E (see 
Section 2.3.6.3). The centerline plume dose was used to estimate tte dose to all 
persons in the sector, an approach which results in an overestimate of a population 
dose by about a factor of 3 ,  since the plume width (at +la) at 2 miles is 400 meters 
or 0.39 of the sector width at that distance and i s  5500 meters at 40 miles or 0.27 
of the sector width f o r  Pasquill D conditions. 

L 

-- - 
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TABLE 3.2.4-3 
COMPARISON OF THE 70-YEAR W S E  COMXInENTS 
FOR INDIVIDUALS OTHER THAN REFERENCE HAN TO 
THAT FOR REFERENCE MAN FROM ACUTE RELEASES 

(Values are for Pu-239 unless noted otherwise) 
Ratio to Reference Man of 70-Year Dose Commitment 

S t a r t  Total 
Pathway Exposure as Body 

Inhalation Adult Female 1.10 
10-Year-Old Female 0.83 
Newborn Female 0.08 
10-Year-Old Male 0.72 
Newborn Male 0.07 

Iages t ion Adult Female 0.84 
10-Year-Old Female 0.90 
Newborn Fema 1 e 30.2 
10-Year-Old Male 0.79 
Newborn Male 22.4 

~ ~ ~ ~ ~ a ~ ~ ~ ~ e  ~ 1 1  categories 1.00 

Plume Shine All categories 1.00 

Live t 

1.18 
0.97 
0.07 
0.73 
0.06 

0.89 
0.97 

0 . 8 3  

1.00 ' 

1.00 

28.4 

23.0 

Bone 

1.36 
1 .08 
0.08 
0.73 
0.07 

1.03 
1.18 

0.82 

1.00 

1.00 

30.0 

23.9 

Lungs Thyroid* 

1.14 1.07 
1.12 1.28 
0.35 1.43 
1.32 1.28 
0.35 1.56 

++ 
1.02 0.84 0.82 
1.17 0.90 1.44 
30.6 30.2 5.24 
0.82 0.79 1.48 
24.4 22.4 5.76 

1.00 1.00 

1.00 1.00 

*Values calculated for 1-131. 
**Values for Am-241. 

Table 3.2.4-4 presents the comparison of the 70-year bone dose commitment to 
reference man and to the 1977 population in the southeast sector for both Pasquill D 
and E categories, with a wind speed of 3.0 meters per second for both categories. 
one were to use a wind speed of 6.6 meters per second for Pasquill D conditions, as 
indicated by data from Table 5 of Appendix B-1, the values for Pasquill D conditions 
would be lowered by the ratio o f  the wind speeds 6.6/3.0, i.e., by a factor of 2.2. 

I €  

Distance 
from Plant 
(miles) 

2 
3 
4 
5 
10 
20 
30 
40 

TABLE 3 . 2 . 4 - 4  
THE 70-YEAR BONE DOSE COHHITHENT TO REFERENCE MAN 

AND TO THE 1977 POPULATION IN THE SOIJTHEAST SECTOR 
FOR WWNWZND EXPOSURE TO THE POSTULATED HAXIMUM 

CREDIBLE RELEASE 
70-Year Bone Dose Commitment 

Pasquill E Pas uill D 
Approximate To SE Sector 1977 
Altitude Below To Reference Man (rem) Population (man-rem) 
Plant (meters) Pasquill D *?-E%+ 100 51 24 

100 42 33 2.0 lo3 1.6 103 
100 33 34 9.2 103 9.6 103 
150 17 9.5 8.9 lo5 4.9 lo5 
200 7.2 4.2 2.0 x lo6 1.2 x lo6 
200 3.7 4.1 7.1 lo5 8.0 lo5 

200 1.7 2.8 3.4 103 5.6 103 
200 2.4 3.4 4 .8  103 6.8 x lo3 

2.5 x lo6 3.6 x lo6 
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Since the calculated population bone dose is greater for Pasquill category D 
than for category E, the risk estimates for the population are based on Pasquill 
category D. The population organ doses and risk estimates for these conditions are 
given in Table 3.2.4-5. 
consequence of this maximum credible release is 66 (or less) for a population of over 
525,000. 

The total possible number of mortalities over 70 years as a 

TABLE 3.2.4-5 
THE 70-YEAR DOSE COMMITMENT TO THE 1977 POPULATION IN THE SOUTHEAST 

SECTOR FOR DOWNWlND EXPOSURE TO THE MAXIHLJM CREDIBLE RELEASE 
AND THE ESTIMATED EFFECTS 

(Pasquill D corlitions, 3.0 m/s wind speed, with approximate terrain towards SE) 

Distance 
from Plant 
(miles) 

2 
3 
4 
5 

10 
20 
30 
40 

Approximate 
Altitude Below 
Plant (meters) 

100 
100 
100 
150 
200 
200 
200 
200 

Cancer Risk (Mortalities) 
per man-rem 
Genetic Defects per man-rem 

1977 
P o p u l a t e  

14 
48 
283 

52,143 
275,895 
192,886 
2,044 
2,011 

525,324 

70-Year Organ Dose Commitment (man-rem) 

Total Body 
2.3 
6.6 
3.0 x lo1 
2.9 103 
6.5 103 
2.3 103 

1.1 x 101 
1.2 x lo4 

1.6 x lo1 

Liver 
2.8 x 102 
e .0  x 102 
3.7 103 
3.6 lo5 
8.0 lo5 
2.9 lo5 
1.9 103 
!.3 lo3 
1.5 x lo6 

Bone 
7- 
2.0 103 
9.2 103 
8.9 lo5 
2.0 x 106 
7.1 lo5 
4.8 103 
3.4 103 
3.6 x lo6 

4.8 x 102 
2.2 103 
2.1 lo5 
4.8 105 
1.7 105 
1.2 103 
8.0 x 10: 
8.? x lo3 

2 x 2 x 6 x 4 x 

3 

Maximum Denver Area Impact Over 70 Years from the Maximum Credible Release 

Cancer Hortalities 
Genetic Defects 

Total Body Liver Bone Lungs 
2.4 2.9 22 35 
3.6 

It is of interest to speculate about the impact of the maximum credible release 
on a hypothetical population for higher density residential conditions at and beyond 
two miles downwind and southeast from the Plant. Table 3.2.4-6 presents the analysis 
o f  the populetion bone dose to the year 2000 population as projected, and to the year 
2000 population plus the hypothetical higher population density in the southeast 
sector at distances 2-3 miles, 2-4 miles, and 2-5 miles. 
density is set at 7296 persons per square mile, as for the similar calculation for 
routine releases (see Table 3.1.2-9). The impact is to increase the population dose 
in that sector by up to 16.8%. 
3 . 2 . 4 - 2 ,  is not affected by population densities or distribution and is the value of 
primary interest when assessing the impact to persons living downwind from an acci- 
dental release. 

The hypothetical higher 

Of course, the dose per person, as presented in Table 
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TABLE 3.2.4-6 
IMPACT OF THE HAXIKIRI CREDIBLE RELEASE ON THE PROJECTED POPULATION 

IN THE YEAR 2000 VITH A HYPOTHETICAL HIGH POPULATION ADJACENT TO THE PLANT 
FOR THE SECTOR OF HAXIMUM POPULATlON (SOUTHEAST) 

Distance 
from Plant 
(miles) 

2 
3 
4 
5 

10 
20 
30 
40 

Total 

Projected 
Year 2000 
Population 
SE Sector 

75 
138 
393 

10,206 
444,560 
676,169 
16,254 
5,449 

1,213,244 

Hypothetical 
Population 
From 2 to 
5 Miles* 

7,162 
10,025 
12,892 

Unchanged 

-- 

n 

n 

n 

n 

1,242,717 

70-Year Population Bone Dose* 
for'year 2000 Population Plus 

Hypothetical Population at 
2-3 miles 2-4 miles 2-5 miles 5 3.62 x lo5 3.62 x 10' 3.62 x lo5 

5.73 Y l o3  Unchanged 4 l i  x lo5 4.17 x lo5 
1.28 lo4 n Unchanged 4.19 x lo5 
1.19 x 106 n n Unchanged 
3.21 x lo6 n n W 

2.50 x lo6 n n W 

U 3.82 lo4 11 n 

9.09 103 n n n 

6.97 x lo6 7.33 x lo6 7.74 x 10' 8.15 x 106 
Percent Increase 5.1% 11.1% 16.9% 

*For a population density of 7296 persons/mile 2 . 
**Calculated for Pasquill D conditions, 3.0 m/s wind speed with approximate 

relative altitude towards Denver. 

TO address the question about the impact on the health o f  a i  individual from the 
postulated accidental releases, the assessment can be approached in two ways, as was 
done for routine releases. One way is to estimate the risk of cancer mortality over 
70 years. 
from common accidents. The second way is to compare the dose that could be received 
from accidental releases with the dose each person receives from natural, unavoidable 
(background) radiation. Note tha: even though the uptake from accidental releases 
may occur in a relatively short period of time, the dose to organs such as the total 
body, liver, and bone is received almost uniformly over the 70 years because of the 
long residence time for plutonium and americium in these organs. Comparison to the 
chronic 70-year background dose is, therefore, appropriate for these organs. 
lungs and thyroid (for iodine uptake from criticalities) the dose is delivered 
shortly after uptake. 
ground dcse for lungs and thyroid, respectively, is appropriate. 

The risk of cancer mortality can then be compared to risk of mortality 

For the 

For these organs, comparison with the two- and one-year back- 

The risk of cancer mortalities (plus genetic befects) per man-rem of dose (or 
per rem of dose to one person) is given in Table 3.1.2-10. 
multiplied by the 70-year dose commitments for corresponding organs, the result is 
the risk of cancer mortality (plus ger.etic defects) for the individual or population 

When these values are 
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ever 70 years. 
dual for the postulated maximum credible accident (Table 3.2.4-21, the maxima values 
o f  risk to an individual of cancer mortality (plus genetic defects) over 70 years ure 
obtained. One can generate risk values 
for tbe individual 8t any other distance and direction of interest by the sane proce- 
dure. 

When this multiplication is done for values for the maxiwlE indivi- 

These values are presented in Table 3.2.4-7. 

TABU 3.2.4-7 
RISK OF CANCER MORTALITY OVER 70 YEARS TO 
THE HAXIMWI REFCRENCE HAN FROM POSTLUATED 
HAXIMRI CREDIBLE ACCIDENTAL RELEASES 

Risk of  Cancer Uortality Over 70 Years 
Following an Actual Occurrence 

Actual 
Accident Type Total Bod Liver Bone Total* Risk* 

Spill e 7.6 x 10'' 5.6 x 
Mechanical Failure 3.1 x 1.5 x 1.1 x lo" 1.7 x 10" 3.3 x l@" 1.2 x 

7.0 x 3.2 x 2 . 4  x 5.6 x 3.5 x loe6 2.5 x Impoundpent 

Fire 1.1 x 10'" 5.2 x 10"' 4 . 0  x 10-l' 6.0 x 10'" 1.2 x 10'' 8.4 x 
Explosion 1.6 x 7.6 x 5.6 x 8.8 x 1.7 x 10'' 6.0 x 
Aircraft Impact 1.1 x 5.4 x 10'' 4.1 x 6 . 4  x 1.2 x 1.1 x 

1.7 x 10'7 6.0 x lo7 

Failure 

Tornado 3.4 io-5 1.7 1.3 1.9 3.7 1.8 10-9 
High Wind 1.0 4.8 3.7 5.6 1.1 10-3 1.0 10-7 

2.2 10-3 3 . 8  x 2.6 x 2.0 2.4 10-3 1.7 10-8 Solution 
Criticality 

netal Criticality 9.5 x 4.0 x 10-8 1.3 x 10-7 9:2 x 10-7 1.1 x 10'~  6.2 x 10-7 

*Does not include the risk of thyroid cancer, which is generally not fatal. 
+*The actual risk is the total risk following an actual occurrence multiplied by the 

probability of occurrence over 70 years. 
tdwludes genetic defects. 

These risk values can be compared to the risk of death from common accidents, 
prtstnted in Table 3.2.4-8. For all types of possible maximum credible releases, the 
total resulting mortality risk to the maximum individual is less than the risk of the 
average person being killed by a cMDmon accident over 70 years. 
duals farther remved fro:> the Plant is eorrespondingly less than the risk to the 
maximum individual and than the risk from coprmon accidents. 

The risk to indivi- 

3-90 



TABLK 3.2.4-S 
RISK OF DUT1 FROM COMON ACCL3ENTS 

Risk per 70-Yeir 
Person i n  Risk 

Type o f Aic i g e z  -- Death Rate* I One Year Per Person 

Motor-Vehicle Accidents 21.5 2.15 x 10" 1.51 x 
A11 Accidenrs 48.4 4.84 3.39 x 10-z 

F-Jis 7 . 0  7.0 10-5 4.9 10-3 
D r x n i n g  3 .8  3.8 I G - ~  2.7 10-3 
Fires, Burns  2.9 2.9 2.0 10-3 
Poisoning by Solids 

and L i q u i d s  2.2 2.2 1.5 10-3 

E T h s  per 100,000 population based on o f f i c i a l  1975 national s t a t i s t i c s  
(Narional Safety Council, 1977). 

The actual r i s k  i s  a lso  presented i n  Table 3.2.4-7 for each o f  the saximum 
credible accidents. 
reference man from an actaal occurrexe o f  the accident multiplied by the probability 
t h a t  the accident would occur w i t L i n  the 70-year perigd. These values indicate that 
even a person residing a t  the Plant boundary (1 .2  mi,,s from the center o f  the P l a n t )  
cad constantly downwifid over 70 years has less  than one chancc i n  60,000 o f  con- 
tracting a f a t a l  cancer ini t iated by a postalated maximum credible accident, compared 
ta o.re chance i n  30 of being kil led by a common accident over the same 70 years. 

The actual r i s k  i s  :he total  r i s k  over 70 years t o  the maximum 

Coroparison of the 70-year dose commitments from accidental releases w i t h  the 7 0 .  
year dose from natural background radiation sourres !s a more direct cc?mparCs,m, 
since such a compariscn avoids the aul t iple  assumptions and exti .qolations inherent 
in deriving a cancer r i s k  from a radiation dose (see Appendix GI). 
between the 70-year dose commitments presented i n  Table 3.2 .4-2 ,  for reference man at 
various distances downwind from the Plane, and tfie 70-year background dascs to  the 
or.qcns, presented in Table 3 . 1 . 2 - 6 .  For a l l  postulated roaxinun credible accidents 
except the a i r c r a f t  crash, tornado, and high wind (153 to  206 mph), the 73-year 
background dose is greater than t b c  70-year dose comitment received by referenct eaa 
a t  any o f f - s i t e  location downwind for the ,otal body, l i v e r ,  and bone aoses. 
sircraft crash, which results  i n  the maximum postulated release, results  i n  a bone 
dose to :he maximum individual a t  1.2 miles which exceeds the 70-year background boat 
dose by a factor o f  58. 
dose by a factor of 26 a t  2 miles,  a factor which steadily decreases to 1.1 at a 
downwind distance o f  20 miles. 

The caparison is 

The 

The bone dose to  reference man exceeds the background bone 

The organ doses resulting from t h e  tornado and high 
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. I  wind postulated releases exceed the corresponding hac-ground organ doses on-y s igh:ly 
(within a factor of 3) for individuals other than the maximum individual and only at 
close-in locations. 

When one contemplates these risks, one should also keep in mind the probabili- 
I ties associated with the postulated accidents, as given in Table 3 .2 .3 -1 .  Converting 

the occurrences per year to years per occurrence, one obtairs the values of expecting 
one occurrence of the maximum credible release from an aircraft impact at the crucial 
spot in 7 . 7  million years, one release from a tornado in 10 million years, one maxi- 
mum credible solution criticality every 10 millior! years, and so on. The likelihood 
of a significant release is, therefore, quite mall. 

All of the doses from hypothetical accidents (except for criticality) were 
calculated assuming no action was taken to avoid exposure to the released radionuclides. 
In fact, if a serious accident were to occur, there are a number of mitigating actions 
which could be taken to reduce the consequences. 
reduce exposure to released radioactive materials are (1) warning people to stay 
indoors for d period of time to avoid exposure to the radioactiv- cloud; (2)  eontrol- 
ling contaminated food supplies (except, as discussed, for criticality accidents); 
( 3 )  providing alternate drinking water supplies; ( 4 )  decontaminating ground and 
property; and (5) in the case of a criticality accident, administering iodine compounds 
to inhibit uptake of radioactive iodine. A thorough discussion of the cost and 
effectiveness of a variety of mitigating actions is given in Chapter 11 of Appendix 
VI of the Reactor Safety Study (USNRC, 1975). 

Some of the possible actions to 

I 
I_ 

3.2.6.3 Future Impact of Past Releases 

Persons living on soil contaminated from past releases will receive a dose from 
the radionuclides in the soil. Possible pathways are breathing Lesuspended radio- 
nuclides, ingesting food grown on the soil, ingesting some of the soil itself, and 
being irradiated by ground shine. 
to individuals living for 70 years on soil contaminated to levels indicated in Figure 
2.3.9-1, which shows the contours of the off-site plutonium contamination as measured 
by Krey (Krey and Hardy, 1970). 
concentrations of plutonium in soil. 

These 
lands at present are uninhabited. 
caused by development would result in reduction of the concentration of plutonium in 
the soil. 

This section presents the assessment of the dose 

The data of !key and Hardy overestimate off-site 
The best data presently available (Section 

2.3.9.2) indicate that about 1000 acres of land exceed the 0.01 pCi/m 2 level. 
'If they were to be developed, the disturbances 

The 70-year dose to a person living constantly on a contour representing off- 
site soil coatamination is presented in Table 3.2.4-9. 
those for reference man living in the east-southeast sector for routine chronic 
releases (Table 3.1.2-2) and are at least a factor of 50 lower than the 70-year dose 
from background radiation, even for the 0.01 pCi/m contour. 

These values are similar to 

2 
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TABLE 3.2.4-9 
THE 70-YEAR DOSE TO REFERENCE MAN LIVING CONSTANTLY 

ON OFF-SITE SOIL C0NTAE;INATED FROM PAST RELEASES 

70-Year Organ Dose (rem) to Reference Han 
Contour 
(pCi/m2 ) Total Body Liver __ Bone Lungs 
0.01 0.0012 0.11 0.26 0.053 
0.005 0.00062 0.054 0.13 0.027 
0.003 0.00037 0. C32 0.078 0.016 

I 

It is interesting to note the fraction of the dose contributed by each pathway. 
These values are presented in Table 3.2.4-10. The ingestion of soil at an assumed 
rate o f  one gram per day contributes a significant fraction of the total dose (except 
for lungs), a coiitribution which is probably near zero for most persons. Also, the 
plutonium was considered to be soluble for the calculation of the dose to the total 
body, liver, and bone via inhalation, while plutonium which has been subjected to 
air-oxidation and weathering for several years is likely to be insoluble. 
of the dose to the.tota1 body, liver, and bone assuming insolubility would lower the 
calculated dose to those organs via inhalation by a factor of 2. For details of the 
dose calculation methodology, see Appendix F. 

- 
0 

Calculation 

TABLE 3.2.4-10 
FRACTION OF THE DOSE FROM EACH PATHWAY 

Pathway Total Body Liver __ Bone Lungs 
Inhalation 0.32 0.51 0.47 0.98 
Soil Ingestion 0.36 0.49 0.53 0.  ooa 
Ground Shine 0.32 0.004 0.002 0.007 

co.001 <0.001 <O.OOl Food Ingestion <0.001 

3.3 ENVIRONMENTAL IMPACT OF TRANSPORTATION 

This section discusses the environmental impact associated with the transport of 
Effects of transportation from both materials to and from the Rocky Flats Plant. 

routine operation and accidents were completely reevaluated, as a result of comments 
on the DEIS, using methods from the NRC's environmental statement on transportation 
of  radioactive materials. 
populated urban area was added. 
as summarized in Section 2.6.10.1, Table 2.6.10-2. These transportation requirements 
are representative of requirements in future years and, while the exact nuhber o f  any 
particular type of shipment mag vary in future years, no marked change in the overall 
transportation requirements is expected. 

\ 

An analysis of a transportation accident in a densely 
The analyses were based on transportation requirements 
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3.3.1 Nontoxic Effects of Transportation 

3.3.1.1 Traffic Aspects 

There are about 500 shipments by truck of radioactive materials and about 850 
shipments by truck of chemicals and nonradioactive materials to and from the Rocky 
Flats Plant each year. This total o f  about 1,350 shipments by truck per year will be 
spread over a considerable portion of the United States (some 30 different locations 
in the Unite3 States ship to or receive from Rocky Flats); consequently, the expected 
number of trucks per day on any particula; road in the U.S. (except those roads near 
Rocky Flats) is less than one. According to the Federal Highway Administration, the 
average number of trucks per day on the highway in any specific section of the U.S. 
generally varies from about 100 to 10,000 (AEC, 1972). 
therefore, is not significantly affected by Rocky Flats shipments. 
near the Plant there will be only a few shipments per ‘day, and the impact of trans- 
port requirements Jill not be significant. Furthermore, the gross shipment weights 
of the tcaterials transported to and from Rocky Flats are such that trucks can stay 
within weight restrictions of the states; there is no need for overweight permits and 
no anticipated excessive loads on bridges or roads. 

The general truck traffic, 
Even on roads 

The number of rail shipments, about 100 per year both inbound and outbound, is 
insignificant in comparison to total rail traffic throughout the nation. 
rail cars (ATMX) are used for waste shipments. 

Special 

The annual number of air shipments of radioactive material (since April, 1977, 
no plutoniuh has been shipped by air) is less Clan 20@, and the number o f  beryllium 
shipments is about 200. The overall number of shipments is minute in comparison to 
the total number of air shipments in the U.S. per year and is significant only for 
the Jefferson County (Jeffco) Airport near the Plant. Even at Jeffco Airport, the 
number of flights involving Rocky Flats shipments is only a small fraction of the 
total yearly flights. 

3.13.1.2 Fuel Consumptior, 
I 

The principal use of natural resources represented by transportation is the 
consumption of fuel. 
portation requirements are about 637,000 truck miles; 358,000 air miles; and 150,000 
rail miles. 
intercity trucks as 2.1 miles/gallon. 
about 303,000 gallons of diesel fuel. 
2.9 billion‘gallons of diesel fuel consumed by trucks in 1972. 
transport miles also represent fuel usage, but over most of these miles the airplane 
or train would also carry other cargo; consequently, the total ftiel consumption 
should not be assigned to the Rocky Flats shipment. Even if the entire train and 

The total travel miles represented by the Rocky Flats trans- 

The AEC (AEC, 1972) gave the average diesel fuel consumption of large 
The truck miles represent a fuel usage of 
This consumption is small in compcrison to the 

The air and rail 
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plane 
would 
total 

3.3.2 

fuel consumption were assigned to Rocky Flats, the additional fuel consumption 
be only about 204,000 gallons. 
i'.S. fuel usage. 

This amount is also a small fraction of the 

Toxic Effects of Transportation 

3.3.2.1 Nonradiological Effects 

,/ The chemical effluents that result from burning the total amount of truck fuel 
and one-third of the train and plane fuel (about 371,0430 gallons) are glven in Table 
3.3.2-1. (It was assumed that about one-third of the train and plane fuel useage is 
dixgctly attributable to Rocky Flats.) 
Pollutant Emission Factors (USEPA, 1972) compilation. The emissions shown in Table 
3.3.2-1 represent only about one part in lo4 to 10 
general transport in the country. 
the country, their impact on the environment would be small. 

These effluents are based on an EPA Air 

of the total emissions from 5 

Since these emissions are widely dispersed over / 

Thermal effluents from transportation requirements are limited to the heat 
released from combustion of fuel in the truck, train, and airplane engines. 

general transport in the country and, because of its dispersed nature, should cause 
no detectable effects. 

This 
heat release is again only about one part in lo4 to 10 5 of the heat released by 

TABLE 3.3.2-1 
CHEMICAL EFFLUENTS FROM THE 

YEARLY TRANSPORT OF ROCKY FLATS HATEH'iALS 

Effluent 
Particulates 
Sulfur Oxide (SO,) 
Carbon Monoxide (CO) 
Hydrocarbons (CH,) 
Nitrogen Oxide (NOx) 

Quantity (tons) 
4.08 
9.52 

8.16 
28.7 

40.9 

Major transportation accidents involving fires may result in the release of 
beryllium oxide to the air. 
under regulations published by EFA pursuant to Section 112 of the Clean Air Act (36 
CFR 5931). 
permitted to discharge 10 grams of beryllium per day, whereas the expected yearly 
release of beryllium from Rocky Flats transportation accidents, spread over the 
entire U . S . ,  is only 50 grams per year. 
beryllium from expected accident releases is expected to be negligible in comparison 
to nationwide daily releases. 

Beryllium is recognized as a hazardous air pollutant 

Under the EPA standards for beryllium, each single source in the U.S. is 

The additional exposure of the population to 
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The consequences to a maximum individual under the worst accident conditions 
The (complete burning of a total shipment of beryllium) will be considered next. 

maximum concentration (at 3.5 miles) to which an individual would be expected to be 
The EPA has established an exposed would be about 7 . 6  x g/m3, or 0.076 pg/m 3 . 

=!dent-air quslity standard of 0.01 pg/m 3 in the air. 

have occurrrd there peak concentrations do not exceed 25 pg/m 3 (NAS, 1953). 
damage in laboratory animals has been noted from exposure below 4 pg/m 3 (USEPA, 

This standard, however, is 
for a 30-day average whereas the maximum expected concentration will persist only for 
a short time. The National Academy of Sciences has reported that no acute illnesses 

No 

1969). 
would cause acute effects, and because of the limited duration of the exposure, no 
long-term efferts are expec:ed. 

It would appear that the maximum short-term concentration is below that which 

There is e possibility, on the basis of experimental data on animals, that 
beryllium is a carcinogen (see Section 2.5.3.2). 
there might be some potential cancer risk associated with beryllium releases, just as 
there niay be Gome potential cancer risk associated with low level radioactive releases. 
Epidemiological studies t o  date, however, have not provided any evidence of a relation- 
ship between exposure to beryllium and the occurrence of human cancer ( IARC,  1972); 
consequently, any potential cancer risk to man froa the releases discussed above 
cannot be quantified. 

If this is applicable to humans, 

3 . 3 . 2 . 2  Radiological Effects 

The radiological effects from transportation associated with Rocky Flats come 
from two distinct sources. 
received by humans in proximity to normally operating transport vehicles or packages 
held in storage; and secondly, there is internal exposure resvlting from radionuclide 
releases caused by transportation accidents. The risk o f  this internal exposure over 
a long period of time, called the "risk dose," is determined by evaluating the proba- 
bility of a particular accident orcurring, multiplying by the consequence (dose) t o  
the population if that particular accident did occur, and summing over all possible 
accidents. 

First, there is the external penetrating radiation 

The methodology used to evaluate the rddioactive releases of Rocky Flats trans- 
portation is essentially that of the U.S. Nuclear Regulatory Commission's environmental 
statement on transportation of radioactive material (USNHC, 1977). Site specific 
data were used whenever the nationwide data of the NRC document were not applicable. 
Although plutonium can be shipped by air from Rocky Flats (Section 2.6.10.1), the 
doses were calculated assuming that no such shipments take place. 
plutonium is shipped by air.) 
that shipment of radioactive materials by truck instead of air results in an increase 
in the risk dose to the U.S population. The dosimetric methodology is the same as 
for Plant operations and accidents. Both methodclogies are fully explained in Appen-* 
dix F. 

(Current.y no 
The probabilities o f  accidents (Appendix F) are such 
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Normal Operations. 

The radiological effects of normal transportation associated with Rocky Flats 
are not limited to the area surrounding the Plant, but are spread throughout the 
country, as can be seen from Table 2.6.10-3. 
population dose to the entire United States rather than limiting the population to 
that immediately surrounding the Plant. 

Thus it is appropriate to discuss the 

Dose is considered to several portions of the population. These are the popula- 
tion sharing the transportation link; the populdtion off, but near, the transportation 
link; the population suirounding the vehicle while stopped; warehouse personnel; and 
transportation vehicle crew. 
at six feet from the exterior of an exclusive use vehicle, the 70 year dose to the 
U.S. population from 70 years of Rocky Flats transportation is 4900 man-rem. This 
total body external exposure is negligible in comparison to the 1.2 x 10 
total body natural background received by the U.S. population in 7 0  years. 

Based upon the DOT external dose rate limit of 10 mrem/hr 

9 man-rem 

The population dose from normal Rocky Flats transportation is considered to have 
a health effect upon the entire United States populatior. 
factors of Table 3.1.2-10, and assuming that external penetrating radiation will 

Based on the health risk 
, 

deliver the same dose to all 
result in an increase of 1.2 
country. 

A breakdown by shipping 

Truck 
Delivery Vehicle* 
Air 
Rail 

of the body organs. 7 0  years of transportation will 
cancer fatalities and 1.5 genetic defects across the 

mode of the external dose to the population is as follows: 

4000 man-rem 
480 man-rea 
360 man-rem 
62 man-rem 

*Transportation of air shipments between airport and facility 

Ovkr 30% o f  the population dose is received from transport truck shipment. This 
is due to several factors. 
lation mileage associated with Rocky Flats and this transportation mode is in much 
closer proximity to the general public than are rail or air shipment modes: 

Trucks account for almost 70% of the radioactive transpor- 

Some individuals in the population are more closely associated with Rocky Flats 
transportation, through working in close proximity to radioactive shipments or living 
close to regularly used shipping routes. 
transport routes would most likely be s0meor.e who lives near the gate of the plant. 
It is possible chat he could be an average distance of 30 meters from each truck 

The worst case individual living near 

shipment as it passes. 
70 years. 

The total dose to this individual would be only 0.0015 rem in 
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On the roadways, i t  is possible that a truck driver unassociated with Rocky 
Flats could follow a truck carrying radioactive materials for one entire trip. 
dose to someone following 30 meters behind a Rocky Flats transport truck for an 
average trip is 0.0008 rem. The possibility of one individual following radioactive 
shipments for more than this amount was considered incredible. 

The 

In the calculation of population dose due to normal operations, truck drivers 
were considered as part of the general population. 
portation is via DOE-owned vehicles operated by W E  personnel. 
dose rate at the driger's position is limited to 0.002 rem per hour as specified i? 
DOT regulations and, as pointed out in Section 2.6.10.2, that mosl shipments have an 
external 4ose rate an order of magnitude lower, the annual dose to d driver making 3C 
aversge trips per year is 1.4 rem. The limit for an occupational workel- is 5 rem per 
year. 
dose would be 0.5  rem. 

However, much of the truck trans- 
Assuming that the 

For a delivery vehicle driver making one half of all deliveries, the annual 

Individuals who work in the transportation industry but are not considered 
radia'tion workers receive a larger proportion of the population dose than do other 
individuals. 
the radioactive packages. 
transportation mode that is received by these individuals is shown below: 

This is because of their need to handle a d  work in close proximity to 
The proportion of the population dose resulting from each 

Truck 83% 
A i  r 94% 
Delivery Vehicle 41% 
Rail 9.1% 

The portion of the population dose associated with rail shipments is low because 
of the large distance between cargo and crew, while that associated with Lelivery 
Vehicles is lower than for Air or Truck because of the close proximity to the popula- 
tion on urban streets, which results in a higher proportion o f  that dose being received 
by the general population. 

Transportation Accidents 

The packages used to transport materials in 
are designed to prevent the loss or dispersal of 
accident conditions in addition to normal condit 

support of Rocky Flats operations 
their contents under "design basis" 
ons of transport.* However, under 

certain abnormal conditions, releases of radionuclides or toxic chemicals to the 
environment could occur. Causative factors leading to pot.entia1 releases include 

*The release in the Springfield, Colorado, yellowcaKe spill (Mattson, 1977), which 
resulted from the collision of a truck with several horses on the highway, is not 
typical of accident releases for material transported in approved shipping containers. 
The material involved in that incident was natural uranium ore concentrates, which are 
specifically exempted from many of the transportation regulations which apply to 
materials containing a higher concentration of radioactivity. 
related to the Rocky Flats Plant. 

This incident was not 
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improperly closed containers, immersion in aeep water, or accidents. 
stringent quality control requirements, the likelihood of improper c?.osure has been 
estinated in the range of 
release fraction in the event of improper closure is likely to be small. 
associated with improper closure, then, is estimated to be lower than that associated 
with accidents. 
severe accident and is estimated to be considerably less probable than an accident 
leading to a simple release; thus, the analysis of abnormal releases in transportation 
will be confined to accidents. 

Because of 

to 10” per package (AEC, 1972).* Horeover, the 
The risk 

f Inrmersion in deep water is likely to occur only as the result of a 

Although there have never been any radioactive releases from transportation 
associated with Rocky Flats, a risk dose can be calculated. 
tation model used in this Statement (Appendix F) and accident probabilities and 
release fractions from the NRC’s FEIS on tranportation (USNRC, 19771, the results in 
Table 3.3.2-2 were calculated. 
Food and water pathways are difficult to quantify because of the inhomogeneity of 
food and water sources along transportation routes. 
is evident that these exposure pathways are of minimal importance, especially if 
tritium is not included. The ground plane dose pathway was also considered, found to 
be small (3.0 man-rem) in comparison to the dose from the inhalation pathway, and not 
included. 

Ba -d upon the transpor- 

These doses are the result of the inhalation pathway. 

From routine Plant releases it 

TABLE 3.3.2-2 
POPULATION RISK DOSE FROM 70 YEARS OF ROCKY FLATS TRANSPORTATION 

(man-rem including resuspension) 
Total Body Lung Liver - Bone 

Truck 60 11000 7000 17000 
Rail 0.81 180 110 250 
Delivery Vehicle 0.60 640 520 14 
Air 0.067 72 -- 0.068 1.6 

61 12000 7600 18000 

Dispersion estimates were based upon a year or more of meteorological data from 
sites near White Sands, New Mexico, and Aiken, South Carolina, as presented in the 
NRC document. 
organ doses received by the same population from natural background. 

The risk dose to the U.S. population is small in comparison to the 
The 70 year 

background organ doses to the U.S. population are 2.7 x 10 9 man-rem to the lung, 1.8 
x 10 9 man-rem to the bone, and 1.2 x 10 9 man-rem to the liver and total body (derived 
from NCRP, 1975). 
from the risk estimate of Table 3.1.2-10. 
considered in this Statement is 0.63 cancer deaths. 

Health effects to the population from the risk dose are predicted _, 
F 

The 70 year risk of all types o f  cancer 
A similar calculation predicts 

*An actual audit of clcsure faults on approximately 6,000 packages revealed no 
instance of complete loss of container integrity (Brown and Heaberlin, 1974). 
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0.018 genetic effects. 
2.8 x 10’’ per person, compared to 3 . 4  x lo-* pe.. person for tie risk of death from 
common accidents, according to official 1975 statistics (see Table 3.2.4-8). 

This cancer r i s k  spread over the entirr U.S. population is 

It is important to determine the dose to individuals at various distances down 
wind from an accident. 
not if one wishes to consider the consequence to the population actually affected by 
a particular accident. This analysis was done for the maximum credible transportation 
accident, which is a fire involving a truck loaded with Rocky Flats plutonium. A 
plume rise of 100 meters was assumed, resulting in the organ ddses shown in Table 
3 . 3 . 2 - 3 .  
decantamination of the soil, which could lower the 70 year dose by a factor of two 
(if decontamination is effected soon after the accident). 
explanations of additionaL assumptions, many of which a8d to  the conservatism of 
these calculations.) 

The risk dose is applicable to the general population, but 

No credit was taken for evacuation of the downwind population, nor for 

(Appendix F contains 

TABLE 3 . 3 . 2 - 3  
WSE OVER 70 YEARS (INCLUDING RESUSPENSION) TO ;W INI~IVIDIIAI. 
DOWNWIND FROM THE MAXIMUM CREDIBLE TRANSPORI’ATION ACCIDEW 

* 
Distance 
(miles) Total Body 

O.Oh* (100 meters) 0 
1.2 0.010 
2 0 .042  
3 0.058 
3.55* (maximum) 0.060 
4 0.058 
5 0.054 
10 0.034 
20 0.017 
30 0.011 
40 0.0082 

(Dose in Rent) 
-. LU% I, i ve r 

0 G 
0 . 7 7  1 . 3  
3 .0  5 . 0  
4.2 7 . 0  
4 . 4  7 . 2  
4 . 4  7 . 2  
4 . 0  6 . 6  
2 .6  4 . 0  
1 .3  2 . 2  
0.84 1 .h 
0.62 1.0 

Bone 
0 
3 . 2 

13 
18 
?a 
18 
17 
10 
5.2 
3 . 4  
2.6 

%The maximum grouxrlevel air concentration of material released 

because of the drift which takes place before the plume reaches . the ground. 
i 
I from an elevated source occurs at a distance from the source 

By assuming a uniform population eiensity downwind from the accident, it is 
possible to predict the resulting health effects. The increase in bone cancer out to 
50 miles is 140 cases for a high density population zone, 26 for medium density, and 
0.22 for low (see Appendix F). 

-._ 
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There are accidents that are of very low probability, buL very high consequence 
if they do occur. 
is the maximum credible accident outlined above if it were to occur in a densely 
populated city such as New York or downtown Denver. 
8n assessment ior transportation through large cities (UoCharme, 1978) .  Correcting 
for specific details of Rocky Flats transportation, such as isotopic composition and 
amounts (from this document's transportation model), the 70-year population organ 
dose commitments are as follows: 

Separate consideration of these is important. One such accident 

Such an accident was analyzed in 

4 
6 
6 
6 

Total Body 1.4 x 10 man-rem 
Lung 1.0 x 10 man-rem 
Liver 1.7 x 10 man-rem 
Bone 4.1 x 10 man-rem 

These population doses lead to a prediction of  an increase of approximately 70 
cancer deaths and four genetic defects for a 70  year exposure period. A similar 
analysis for a Rocky Flats enriched uranium shipment yields a cancer death increase 
smaller by a factor cf 0.01, and a genetic defect increase which is smaller by a 
factor of 0.001. 

The decontamination costs of such an accident would be expected to be quite 
high. An estimate o f  this figure is contained in the large city transportation assessment 
(DuCharme, 1978). When corrected for Rocky Flats transportation, the decontamination 
cost is approximately $170 million. These health effect and decontamination cost 
estimates should be kept in perspective by consideration of the low probability OL 

such an event occurring. The probability of  an extreme truck accident occurring in a 
high density zone is once in 3.3 million years for Rocky Flats trancportation. 

3.4 ECONOMIC, SOCIAL, AND SECONDARY IMPACTS 

The operation of the Rocky Flats Plant, as with any large industrial complex, 
has direct and indirect socioeconomic impacts associated with it. 
impacts such as aesthetics, noise, and technological achievements are attributed to 
the Plant and its operation. Discussions of these follow. 

In addition, other 

In evaluating the socioeconomic impacts of :he Rocky Flats Plant, a general 
assessment of the existing and projected population, land use, and socioeconomic 
characteristics in the vicinity of the Plant was performed. 
impacts evaluated for the Plant included the pcttential effects on land-use piannin; 
in the area, the direct and induced empl-,ment as a result of the Plant, and the 
economic effects associated with increased disposable income and direct expenditures 
for goods and services necessary for the Plant. 
aesthetic impact o f  Rocky Flats was performed as was an evaluation of noise with 
respect LO the surrounding area. 

The primary socioeconomic 

In addition, an evaluation of the 
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3.4.1 National Defense 

The Rocky Flats Plant is a key facility for producing components for nuclear 
weapons. 
as the need for an up-to-date nuclear weapons stockpile is an established requirement 
of the national defense policy. 

A requirement for the work performed at Rocky Flats will continue as long 

Benefits resulting from a national defense policy based on an up-to-date nuclear 
weapons stockpile are not directly quantifiable, and in any event are beyond the 
scope and function of this Statement. The establishment of national defense policies 
and the method of implementation are the; responsibility of the President and the 
Congress of the United States; consequently, a discussion and evaluation of the 
impact of Rocky Flats on national defense, either adverse or beneficial, is neither 
appropriate nor relevant to this Statement. 

3.4.2 Employment 

In evaluating the socioeconomic impacts of the Rocky Flats Plant, the direct 
In addition, employment and residential distribution of employees was determined. 

the secondary employment induced by the direct employment was calculated. 
employraent information provided a basis for determining the impacts of Rocky Flats on 
the surrounding comunities, schools, and businesses. 

This 

3.4.2.1 Direct Employment 

The Rocky Flats Plant employed approximately 2,800 people during 1977, excluding 
construction workers, plus approximately 30 college studenLs and teachers during the 
summer. 
direct employment has declined over recent years, from a maximum of 3,750 people in 
1972, because of reductions in production schedules and because of budgetary limita- 
tions. Employment projections for the Plant through 1985, however, range from 2,600 
to 3,400 pecple. 
apprenticeship programs, on-the-job training for the disadvantaged, Genei-a1 Education 
Development (G.E.D.) qualification traioing, tuition reimbursement for formal educa- 
eion, scholarship programs, matching grants to educational institutions, plus other 
educational incentives. 

Approximately 60 of the full-time personnel are employed by DOE. This 

Beneficial programs derived from the direct employment include 

The majority of Rocky Flats' employees reside within 20 miles of t'ie Plant in 
Table 3.4.2-1 shows the residential distribution of 

* Rocky Flats' employees with respect to these various communities. Over 50% of the 
the various population centers. 

employees live in three cities: Arvada, Boulder, and Denver. 

'According to the Denver Regional Council of Governments, t h e  average family size 

Consi- 
f n  the Denver metropolitan area is 2.83 people. 
ciated with the 2,800 employees of Rocky Flats is approximately 7,924 people. 

Thus, the total population asso- 

3-102 ' 

-_ _-_-- -- 
e------- ----- ---- - _ _ _  __- . 



dering the residential distribution shown in Table 3.4.2-1 and the cities' popula- 
tions as presented in Section 2.3.3, the population segment consisting of Plant 
apfoyees and their families is less than 5% in most cities. 
increase in population based on direct employment from the Rocky Flats Plant was in 
Louisville, where the population increase was approximately 11%. 
direct employment from the Plant provided additional job opportunities for the 
populace in surrounding cities without placing a burden on the various private and 
public services such as housing, medical services, police and fire protection, water, 
and sanitary disposal services. 

The highest percentage 

In all cases, 

-. 

TABLE 3.4.2-1 
RESIDENTIAL DISTRIBUTION OF ROCKY FLATS EMPLOYEES 

City 
Boulder 
Arvada 
Denver 
Longmon t 
Golde? 
Westminster 
Louisville 
Broomfield 
Lakewood 
La f aye t t e 
Wheat Ridge 
Northglenn 
Thoraton 
Erie 
Aurora 
Berthoud 
Little ton 
,All Others 
I TOTAL 
1 

Approximate Number Of Employees 
That Reside In City 

515 
510 
505 
230 
155 
115 
105 
100 
85 
85 
75 
60 
60 
25 
20 
20 
10 

100 
2,775 
- 

3.4.2.2 Secondary Employment 

Secondary or indirect employment opportunities are usually created or induced by 
the presence of direct employment in a community. 
tunities develop mainly in service-oriented occupations, such as retail goods and 
services, transportation, arid recreational activities. 

These induced emplotpent oppor- 
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the west is slightly higher than the Plant, thus making the Plant more visible from 
that direction. 

/ 

, 

In addition, since much of the land in the vicinity of the site is used either 
for agricultural, open space, or industrial purposes, Rocky Flats does not have a 
significant aesthetic impact on the surrounding area. 

3.4.5 Noise 

Primary noise sources for Rocky Flats are the boiler fans, ventilation system 
fans, transformers, and heavy machinery located in and around the Plant. 
by ERDA Manual Chapter 0550, in-plant noise is subject to Air Force Standards with a 
maximum of 84 DBA (decibels, adjusted) for an eight-hour exposure. 
insulation provided by the buildings and the distance from the Plant to the site 
boundaries, the operational noise of the Plant does not impact the surrounding 
region. 

As required 

As a result of 

The Rocky Flats Plant is responsible for several off-site air sampling stations 
at various locations surrounding the plant, which were also considered noise sources. 
Recently, new designs for these air sampling stations were implemented to mitigate 
the noise impact and meet current Housing and UrbaT Development (HUD) standards. 

,- 

The additional commuter traffic during early morning and evening hours contributes 
to the increased off-site noise levels in the area. 
travelled by other than Rocky Flats personnel, and the increase in noise level is not 
significant. 

Most of the highways are well- 

3.4 .6  Technology And Communitv Activities 

The Rocky Flats Plant provides technical knowledge, skills, and advice to local 
communities, individuals, and t G  organizations throughout the U.S. and the world. 
Locally, the Rocky Flats Plant has provided advice on such subjects as fire preven- 
tion, training of fire-fighters, effluent monitoring and pollution control, water and 
sewage treatment, landfill management, radiation dosimetry, and safety programs. 

Rocky Flats also has aided otiler countries with the knowledge and ability to 
handle and process rare and exotic materials such as plutonium, uranium, and beryllium. 
Results of Rocky Flats' research in chemistry, metallurgy, machining, gauging, nondes- 
tructive testing, safety, fire prevention, health physics, and ecology are disseminated 
worldwide through scientific literature. Publications concerning Rocky Flats' efforts 
(as o f  December 1977) include 52 patents, 320 journal articles, and 711 technical 
reports. (Unclassified technical reports are available through the National Technical 
Xnformation Service, Washington, D.C.) 
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Rocky Flats personnel possess technical skills and experience in the safe hand- 
ling of actinide and other radioactive materials duriag such diverse processes as 
chemical recovery, fabrication, and basic research. 
national resource that would be extremely diff,:ult and costly to duplicate. 
at  Rocky Flats are among the most knowledgeable in the world in the field of plutonium 
metallurgy and plutoniuin chemistry. 

These attributes constitute a 
Employees 

/- 

Plant employees are active in ccmunity activities such as Boy Scouts, local 
government, United Way, church programs, and volunteer fire departments. Plant 
personnel have been very active in cornunity minority programs. 
was recently honored by the League of Latin American Citizens for Plant personnel 
assistance to the League. 
universities, and trade schools. Sizce 1972, enployees have donated over 3,000 pints 
of blood at drives held every three months. 
the purchase of U.S. Savings Bonds. The 1977 drive resulted in 73% of the employees 
purchasing $40,000 in bonds every month. 

The Plant contractor 

Many employees are part-time teachers in iocal colleges, 

Employees also participate actively in 

There are significant interactions between Plant personnel and community agencies 
concerned with Plant activities. Open mcnthly meetings between DOE, the Plant con- 
tractor, Colorado Department of Health, Jefferson County Health Department, Boulder 
City and County Health Department, Environmental Protection Agency, and interested 
citizens are held to review results of monitoring progiams and to discuss topics of 
interest and concern. News media representatives usually attend these meetings and 
report highlights to the community. 

The contractor has an extensive public contact program in which public tours of 

These tours include special interest groups concerned about the 
the Plant are conducted regularly. Several thousand visitors have toured the Plant in 
the last two years. 
use of plutonium, in addition to the public at large. 

As a result of a recommendation of  t::e Lamm-Wirth Task Force Report, a Citizens 
Uonitoring Committee, comprised of 15 individuals, was appointed by Governor Lamm. 
This committee monitors Plant operations that committee members think might have an 
adverse impact on the public or on Plant employees. 
have worked very closely with this cornittee for the past two years providing infor- 
mation and briefings about the Plant’s operation. 

W E  and contractor officials 
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4 .  UNAVOIDABLE ADVERSE ENVIROWENTAL EFFECTS 

Current and continued operation of the Rocky Flats Plant results in unavoidable 
environmental impacts in three primary are:;: (1) nonradiological, (2) radiological, 
and ( 3 )  socioeconomic. 
environment, the use of natural and energy resources, and biological effects of 
nonradioactive effluents. Radiological impacts are only those biological effects 
attributed to the release of radioactive effluents. This differentiation is maintained 
to provide maximum definition of radiological impacts, which are of primary interest 
at Rocky Flats, as previously discussed in Chapter 3. Socioeconomic ippacts include 
all other indirect or secondary impaccs attribu-able to Plant operation, as discussed 
in Section 3 . 4 .  
implemented and planned in each of the three primary areas defined above. 
mitigating measures have been and will continue to be implemented to reduce the 
adverse impacts attributed to Plant operations. 

Nonradiological impacts include alterations to the physical 

This section discusses these impacts and the mitigating measures 
Various 

4.1 NONRADIOLOGICAL EFFECTS 

Nonradiological. unavoidable, adverse environmental impacts include alterations 
to the physical environment, the use of natural resources, and the biological effects 
from release of nonradioactive materials. 

4.1.1 Alterations to the Physical Environment 

Disruption of the surficial geological features and hydrologic characteristics, 
however minor, are impacts that cannot be avoided and that will persist as long as 
the Plant continues to operate and occupy the present location. 
characteristic of all construction developments and represent typical impacts attri- 
butable to the presence of an industrial facility. 

Such impacts are 

-- 
4.1.2 Utilization of Natural Resources 

The consumption of natural resources at Rocky Flats constitutes an unavoidable 
tnvironmental impact. Resources used include fossil fuels (oil and gas), chesicals, 
metals, and electricity. The consumption can be direct, as in the case of oil and 
gas; or indirect, as electricity produced by fossil-fueled power plants. Water is 
used by the Plant and returned to the region as a resource through water vapor from 
the liquid process wastewater treatment plant and evaporation from cooling towers, 
8olar evaporation ponds, and holding ponds. 

4-1 



4.1.3 Biological Effccts of Nonradioactive Effluents 

Nonradioactive materials are discharged in small amounts through air and water 
(see Sections 2.6.6, 2.9.1 and 3.1.1.3). Biological effects resulting from water 
discharges are discussed in Section 3.1.1.3. 
been within the applicable State and Federal limits (Sections 2.9.1 and 3.1.1.3). 

With a few exceptions, discharges have 

4.2 RADIOLOGICAL EFFECTS 

Normal operation of the Rocky Flats facility results in unavoidable releases of 
small amounts of radioactivity to the general environment. 
be continuing dispersal of radioactivity to the general environment from past re- 
leases. 
of the facility. 
tion of Rocky Flats from both routine and accident conditions have been given in 
Sections 3.1.2 and 3.2. 

In addition, there will 

There is also a small risk of accidental releases from continued operations 
The amounts of material that might be released during future opera- 

The release of any amount of radioactivity implies some potential risk to the 
general ecosystem and to man. As discussed in Section 3.1.2, however, continued 
operation of the Rocky Flats facility should contribute only a small, additional 
amount of radioactivity :o that already released by the Plant ar.d already present 
from natural sources and other man-made sources such as fallout. Ecological studies 
of the Rocky Flats area to date have indicated no detectable changes in the ecosystem 
because of existing radiation levels, nor has any concentration mechanism been identi- 
fied to indicate that significant changes should be expected (Whicker, 1377). 
Appendix A-2. ) 

(See 

Releases o f  radioactivity to the general environment could result in ah in- 
creased dose commitment to members of the Denver-area population. 
Section 3.1.2 contain the calculations and discussion of dose commitment to the 
population from the presence of Rocky Flats. 

Appendix F and 

I 

I 
Probabilities of accidental releases of radioactivity which could impact resi- 

dents in the Denver area are listed in Table 3.2.3-1. 
dual doses from these hypothetical accidents are given in Table 3.2.4-2 and the 
associated risks are shown in Table 3.2.3-1. The State of Colorado Radiological 
Emergency Response Plan for Rocky Flats and the Colorado Department of Health Protec- 
tive Action Guide included in the Plan (State of Colorado, 1978) define doses to 
members of the population for which protective action would be required (see Section 
2.11.4.3). 
accident requiring protective action is approximately four times in 10,000 years. 
me m a x i m u m  potential risk to the Denver area population from both routine and acciden- 
tal rcleases, given continued operation of the Rocky Flats facility over 70 years, is 
less than one potential death spread over the population of the Denver area. 

The potential maximum indivi- 

From the data in Section 3.2.3, the probability of occurrence o f  an 

-.  
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4 . 3  SOCIOECONOMIC EFFECTS 

As discussed in Section 3 . 4 ,  the primary socioeconomic impacts o f  the Rocky 
Flats Plant result from additional, Plant-related employment and the associated 
increase in population in the general vicinizy of the Plant. 
increased demand for housing, school facilities, and municipal services (such as 
water, sanitary waste, police, and fire protection). 

These impacts include 

Because of the proximity of Rocky Flats to several population centers, the 
Plant's socioeconomic impacts, although unavoidable, have little adverse effect on 
the surrounding region. 
lies reside have grown substantially in recent years. 
oped adequate housing, scL: i, and municipal services to meet the needs of tl-is 
growing populace. The Plant has been in operation since the early 1950s and is 
expected to remain in operation through at least the year 2000. Therefore, the 
employment is of a long-term nature, and the socioeconomic impacts of transient 
populations are minimized. 

Host of the communities in which employees and their fami- 
These communities have devel- 

Other impacts include (1) the loss of agricultural productivity and income from 
the land comprising the Rocky Flats Plant site, and (2) a change in the tax base. 
This change results from land being withdrawn from the public tax rolls, and tax 
revenue being generated instead by income,-property, and sales taxes collected from 
Plant employees. Taxes assessed on agricultural land are based on the productivity 
of the land. Since land within the Plant boundaries is of low agricultural value, 
the income and taxes generated by agricultural use were small in comparison with 
those generated by construction and operation of the Plant. The presence of Rocky 
Flats also has resulted in Federal impact funds being given to area school districts. 

4 . 4  MITIGATION OF ADVERSE ENVIRONMENTAL EFFECTS 

Several areas of endeavor serve to lessen adverse environmental effects from 
Pla7t operations. These include an enlarged buffer zone, total water recycle, and 
actions such as improvements in accident prevention to reduce potentially adverse 
radioactive and nonradioaccive effects on the environment. 

4.4 .1  Utilization of Natural Resources 

In 1975, the U.S. Governsent purchased approximately 4,000 acres around the 
original 2,520-acre Rocky Flats Plant site. This acquisition expands the original 
buffer zone and prevents industrial or residential development too neat the Plant., 
The buffer zone provides a safety margin in the event of an abnormal occurrence at 
the Plant. 
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A total water-recycle plan, which eliminates all routine wastewater discharges, 
All process aid laundry waste- i s  being implemented and is to be completed in 1979. 

water will be treated and distilled to create a supply of high-purity water. 
wastewater streams, principally sanitary wastes, will be treated in the sanitary 
waste treatment plant and also will be recycled for industrial use. 
this plant involves a recently completed tertiary step and a planned reverse osmosis 
process. 
the site except by evaporation. 
discharges to the Great Western Reservoir. 

tither 

Treatment at 

Completion of these changes will mean that no Plant wastewater will leave 
This plan will eliminate routine sanitary wastewater 

The above described actions mitigate possible adverse impacts on residential 
development in the. vicinity of the Rocky Flats Plant. 
be considered in the mitigation of adverse Plant impacts are discussed in Chapter 5. 
A discussion of land use in the immediate vicinity of the site is presented in Chap- 
ter ?. 

Alternatives that also could 

4.4.2 Mitigation Of Nonradiological Effects 

Unavoidable adverse impacts from nonradiological sources are being mitigated by 
reducing the quantities of natural resources consumed and by reducing the quantities 
of  nonradioactive material released. 

4.4.2.1 Consumption of Energy Resources 

The DOE and its operating contractor at Rocky Flats have taken positive actions 
to reduce the consumprion of various fuels and water used by the Plant. 
shows the total consumption of energy, both fossil fuels and electricity, and water 
for FY 1973 through FY 1977. 
FY 1974, and year-end figures for that year show total enerby consumption was reduced 
approximately 13% over FY 1973. 
1.5% over FY 1974 was achieved; a 9.6% improvement occurred in FY 1976 and a 2.4% 
reduction in FY 1977. 
FY 1973 as a result of the energy conservation program. 
Plant's water usage is for cooling tower operation, which i s  directly related to 
energy use, 8 net reduction of approximately 33% in water consumption was also realized 
during the same period. 
quantities of (1) Plant effluents associated with the combustion o f  fossil fuels, and 
(2) chemicals used in water treatment. 

Table 4.4.2-1 

An energy cons Nation program was implemented in 

For FY 1975, a further reduction of approximately 

Thus, a reduction of about 26% was realized in FY 1977 over 
As almost one-third of the 

The energy conservation program also directly reduces the 

Numerous actions are responsible for reducing the Flant's consumption of  energy 
resources. For example, the Energy Conservation Council was formed to initiate, 
implement, and monitor energy conservation programs that would reduce energy use 
without compromising security or employees' health and safety. A cwplementav 



action has been managerial-level reviews o f  energy-related practices. 
tffort continues to be directed toward impressing employees with the importance of 
their participation in cor.serving energy. 

Considerable 

Various gasoline-saving efforts involve Government-owned vehicles. Intra-plant 
bus service has been curtailed except in inclement weather; transportation o f  mail 
within the Plant and to off-site post offices has been reduced; and Governsent auto- 
mobiles having eight cylinders have been replaced by six-cylinder vehicles. 
of Plant material are consolidated, when pos.sible, for further savings. 

Deliveries 

TABLE 4.4.2-1 

CONSIRIPTION OF ENERGY RESOURCES AND WATER 

(Fiscal Years) 

Resource 1973 - 1974 - 1975 - 1976 - 1977 - 
Natural cas (cu ft x lo3) 726,302 746,456 746,285 568,389 637,224 
Number 6 Fuel Oil (gal) 1,619,000 702,100 513,900 940,?00 335,000 
Caroline (gal) 112,082 86,571 90,215 9?,979 101,390 
Diesel (gal)  38,728 36,397 35, a52 21,126 19,356 
Propane (gal) 58,505 10,180 7,625 12,204 40,876 
Electricity (HIibr) 112,348 102,758 105,832 104,820 104,050 

Total Btu (x 10') 
Reduction (X) 

1,372 1,190 1,171 1,061 1,036 
13 1 9 2 

Water (gal) 
- ~~~ .~ ~~~ ~ - - 

161,161,000 143,435,000 125,952,000 115,963,000 113,244,000 
Reduction (X) 11 12 8 2 

I Energy has been conserved through turning off lights and electrical equipment 
not 'essential to the work being performed or not required for safety. 
stdices have been curtailed in areas of reduced activity. Energy conservation has 
alsn been further emphasized in the Plant's maintenance programs, in the purchasing 
of new.equipment, and in buildicg design. The Plant has one of the highest percen- 
tages of employees who participate in car-pools in the State of Colorado. In addi- 
tion, the Plant, with the cooperation o f  DOE and Denver's Regional Transportation 
District (W), has initiated a pilot van-pool program to help decrease air pollution. 
Tbc'Plant also particpatea in a paper recycling program. 

Utility 
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The consumption of energy by the Plant has declined since 1973. A Plant goal 
New ideas for energy for FY 1978 is not to exceed the energy consumed in FY 1977. 

conservation are being sought through an employees' suggestion program. 

4 . 4 . 2 . 2  Control o f  Nonradioactive Material 

Several Plant systems and operating practices have been modified to minimize the 
release of nonradioactive material and thereby minimize the adverse environmental 
impacts resulting from these releases. 

Adverse effects of sewage plant discharge have been mitigated by improved con- 
Originally the effluent was discharged directly into South Walnut Creek trols. 

upstream from a retention pond. It now flows into retention Pond B-1, is then re- 
leased to Pond B-3, is analyzed and subsequently released to niix with South Walnut 
Creek at Pond B-4. The South Walnut Creek drainage bypasses Pond B-1, B-2 and B-3 
SO that it does Yt disrupt the holding pond system used for sanitary waste effluent. 
This bypass discharges into Pond B-4. Sone storm runoff normally flows to Pond B-4 
through the bypass system. Occasionally, during periods of high amoff, the runoff 
can be diverted to discharge below the B-series ponds into the Walnut Creek Drainage. 
Figure 2.3.9-3 shows the pon and storm runoEf bypas? system. 

The tertiary treatme.. 
adding a clarifier, filter system, pmphouse, pumps, and instrumentation to t!;e 
existing sewage treatment plant. 
and meets present effluent standards for off-site release (see Sections 2.9.1 and 
3.1.1.3). 
recycle plans. 

project improved the existing sewage treatment plant by 

The effluent now has less suspended solid material 

The plant also makes the effluent more compatible with future water- 

Water from backflushing the raw-water treatment plant filters contains solids 
removed during treatment. 
off Ate. 
treatment plant, and the sludge is pumped to drying pits. 
the sanitary landfill. 

The water was previously released to Woman Creek azd then 
Settling tanks were provided for this water, wnich is pumped hark to the 

Dried sludge is trucked to 

Cooling tower blowdowns and drains previously were discharged to the ground and 
allowed to drain into the ground or to follow normal surface runoff. 
contains about 30-ppm sodium silicate for corrosion protection. 
piped to sanitary drains for treatment in the sewage plant. This water is part of 
the f u t u r e  water-recycle project, which will treat and reuse effluent from the sewage 

This water 
The water now is 

plant for nondomestic purposes. 
- 
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In the past, solar evaporation ponds that hold process waste liquids containing 
nitrates have leaked. 
runoff water from springs and rains carried the nitrates to watercocrses, and, poten- 
tially, off-site. New collection trenches, completzd in 1974, collect that Water, 
which ir then pumped back to the evapora:ion ponds, and thus help to prevent contamina- 
tion of the watercourses. The trenches are shown in Figure 2.9.3-1. 
would occur so that the capacity of the trenches is exceeded, the runoff would go to 
Pond A-3, a nearly dry reservoir for emergency water retentior, (Figure 2.3.9-3). 
WcKay Ditch, which originally contributed to the drainage that feeds Pond A-3, has 
been rerouted to decrease the contribution to this pond in the case of a flood. 

These nitrates built up in the soil around the ponds SO that 

If flooding 

To ensure that runoff water is stopped before leaching undesirable material frau 
the landfill and carrying it off site, a trench was built around the landfill. 
Drains were placed outside the landfill, and a barricr was placed between these 
drains and the landfill to prevent underground water from reaching the landfill. 
Some water may still drain from tbe sanitary landfiil. For this reason, a small dam 
and reservoir were built. so that the water can be held for sapling and analysis. 
The water can then be released or it can be pumped to the process waste treatment 
facility, whichever is deemed proper after analysis. The landfill will thus meet 
criteria under the proposed EPA rule "Solid Waste Disposal Facilities," 40 CFR 257, 
February, 1978 (see Section 2.9.4). 

Airborne releases of nonraCioactive materials &re mitigated by (1) use of scrub- 
ber systems for stacks that might otherwise emit acid fumes, (2) reduced fuel consump- 
tion and the purchase of fuel oil containing no more than 1.25% sulfur. which reduces 
ccabustion product efiluents (Tables 2.6.6-2 and 2 6.6-31, and (3) improved filtration 
of beryllium processing buildings (Sections 3.1.1.3 and 2.10.1.1). 

4 .4 .3  Hitigation of Radiologic .I Effects 

Rocky Flats uses many different measures to guard against the release of radio- 
These measures include elaborate systems active materials during routine operation. 

for the containment of radioactivc materials, the filtering c; air, and the treatment 
of water that comes in contact with radioactive materials. Tbe containment And 
effluent control systems are explained in detail in Sections ?.5.1, 2.7.1, and 
2.7.3.2.  

4.4.3.1 Control of Radioactivity 

Administrative procedures and control equipment are continually being updated 
and improved to further reduce the quantity of radioactive materials released to the 
environment. 
are being made. 

The folloving paragrapbs describe some of the changes that have been or 
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Recently instituted administrative controls include (1) a critical review of all 
procedures affecting health, safety, and the environment, (2) a requirement for 
written Operational Safety Analyses for all operations, (3) a quality assurance 
program prescribing the inspection of glove-box gloves, (4) the elimination of all 
outdoor storage cf plutonium-contaminated waste, and (5) a review and administrative 
sign-off procedure for water discharge from Ponds A-3 and B-3. 

All systems filtering air from plutonium operations were upgraded and modified 
to ensure a minimum of four stages of filtration before glove-box air is discharged 
to the environment. All filtering systems for uranium operations are being upgraded 
to minimizc leakage. 
being replaced with inspectable, double-walled lines that will contain any leakage. 

All process-liquid waste lines between Plant buildings are 

The new process wastewater treatment facility will recover water from Plant 
liquid process wastes for subsequent reuse in steam generation. 
waste-treatmefit facilities will help reduce the release of radioactive materials to  

the environment (see Section 2 . 7 . 3 . 3 )  by eliminating the use of open saporation 
ponds. 
LSA waste shipped.crtf site. 

Upon completion, the 

An incinerator for low-level solid waste will reduce the volume and weight of 
c 

A project for removing on-site soil containing plutonium is underway. Further 
discussion of this program is given in Section 3.2.4. 

To prevent its release off site, laundry wastewater is being impounded until the 
new process waste-treatment facility is completed. Currently, this water bypasses 
the sewage treatment plar,t and discharges into the second retention pond (Pond B-2), 
bypassing B-1. 
into Pond B-3. 
water that will be generated before the new process waste-treatment facility is 
completed. Therefore. a line from Pond B-2 is used to transfer this excess of water 
to a larger pond (A-2) on North Walnut Creek for storage and evaporation (Figure 2.3.9-3) 
North Walnut Creek is diverted around this pond, thus isolating the pond from noma1 
stream flow. 

The treated sewage effluent bypasses this pond and dumps from Pond B-1 
Pond B-2 is not large enough to hold the amount of laundry waste- 

The sanitary-water recycle system will collect all sanitary liquid effluent, 
treat it, and reuse it in the Plant cooling towers. 
completion in 1979. 

This project is scheduled for 

Engineering-Science, Inc., in their report (ES, 1974) on water control and 
recycle for Rocky Flats, recommended drainage canals and an associated reservoir that 
would collect all surface runoff water originating in or flowing through the facility 
area (the area where all Plant buildings are located). A modification of this pro- . 
ject, which will utilize three retention reservoirs. has been prepared. 
is scheduled for completion in 1979. 

The project 
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The net effect o f  the zero water discharge program will be to eliminate the 
routine discharge of Plant wastewater into Great Western Reservoir. 
the zero water discharge program is given in Section 5.2.3. 

More detail on 

4 .4 .3 .2  Effluent Monitoring 
/ 

Elaborate effluent monitoring systems continuously monitor all discharge points 
to ensure that any release is within an acceptable range. The monitoring systems and 
requirements are explained in Sectioa 2.10. Administrative controls are also used to 
ensure that all reLeases are consistent with the as-low-as-practicable release opera- 
ting policy (Section 2.7.2). Overall. releases are substantially below applicable 
DOE giidelines (see Section 2.10). 

In addition to on-site monitoring, the contractor conducts routine environmental 
monitoring of ambient air and water in the general Denver area to ensure that no 
buildup of radioactive materials occurs in any medium to which the general public 
might be exposed. In addition, special studies have evaluated the potential impact 
of Plant operations on the general ecosystem of the area. 
in Sections 2.3.10.2 and 3.1.1.3. The environmental monitoring data are used to 
verify that radioactive effluents have not exceeded any applicable guideline, and 
that they also are held to within as-low-as-practicable (ALAF’) or as-low-as reasonably 
achievable (ALARA) levels (Section 2.7.2). 

These studies are discussed 

4.4.4 Accident Prevention 

Plant process and effluent control systems are continually updated to guard 
against any accidents. In particular, elaborate systems and administrative controls 
have been designed into facilities (and transportation system) to prevent any acci- 
dental criticality. Extensive systems improvements have been completed toward pre- 
venting fires at the Plant. These fire prevention and suppression measures include 
the following items: 

(1) Sprinkler systems in all production buildings. 
(2) Heat reduction and fire extinguishing systems in all building- 

ventilation filter plenums. 
(3) Fire doors and fire extinguisher access ports in glove boxes. 
( 4 )  Improved fire a l a w  system. 
(5) Inert atmosphere rather than air in many glove boxes, especially 

new facilities and processes where it is important to do so. 
(6) Eliminrting all possible combustible materials froin process areas 
(7) Painting combustible shielding with fire-retardant paint. 

Fire prevention measures are explained in greater detail in Sections 2.5.1 and 3 

n 

2 . 2 . 4 .  

Existing structures are being reviewed to determine the earthquake, wind, tor- 
Buildings constructed after 1974 are nado and non-tornadic forces they can resist. 

designed to meet criteria developed in the following reports: for earthquakes, Blusle 
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(1974); f o r  tornadoes, McDonald and Minor (1972). and USNRC Regulatory Guide 1.76 
(1974) (slight modifications on the model tornado have been applied where appropriate); 
for winds. Surdahl, 1975. All boilers and pressure vessels are designed, installed, 
and certified according to applicable codes and regulations (USERDA, 1973). 
sive chemicals. or other substances such as natural gas, are controlled both in 
amount and by location to prevent any explosion from damaging the containment system 
of buildings handling radioactive materials. 
according to strict standards (USERDA, 1973) to prevent their accidental release or 
loss. 

Explo- 

Such materials are handled and packaged 

Extensive monitoring and analysis systems coupled with detailed administrative 
controls are used at Rocky Flats to ensure that all radioactive materials are properly 
identified, and unplanned releases are prevented or detected in time for remedial 
action. 
undetected losses of material, and all special nuclear materials are maintained in 
spccial areas under constant system monitoring to prevent their loss. Mitigating 
measures taken to prevent the loss o f  special nuclear-materi3ls are explained in 
greater detail in Section 2.12. 

A strict double-entry accountability system is utilized to guard against any 

In addition to safety systems, monitoring programs, and administrative controls 
to  guard against accidentaI releases of radioactivity, Rocky Flats maintains an 
Emergency Preparedness Plan to respond to all credible Plant accidents. The Plan 
provides for a systematic, orderly handling of emergencies in such a manner as t o  
minimize the impacts. The emergency plan is described in Section 2.11. 
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5. ALTERNATIVES 

Various alternatives have been considered regarding the Rocky Flats Plant, 1tS 
operations, and its impact on the environment. These a1ternative.s range from making 
no change in current activities, to complete relocation of the Plant and restoration 
of the existing site to a near-natural condition. 
are: (1) no change in current activities, ( 2 )  completion of changes currently underway. 
( 3 )  relocation, ( 4 )  termination of operations, and (5) other alternatives. The cost 
that would be incurred and the fraction of the 70-year dose remaining after implementa- 
tion of the various alternatives are shown in Table 5-1 for different portions of the 
population within 50 miles of Rocky Flats. Revisions in this section result from the 
different approach to dose evalu;;iw, Chapter 3 .  Plso the estimated acreage in 
excess of the State plutonium-in-soil standard has been reduced from the 11.000 acres 
presented in the DEIS, to 1,000 acres, as a result of new data. 

The five alternatives considered 

The emission sources from Rocky Flats are: (1) routine airborne releases, ( 2 )  
airborne releases from resuspension of on-site contaminated soil, (3) routine water- 
borne releases, ( 4 )  accidental airborne releases and (5) accidental water reledses. 
Each alternative being considered can affect any one, or all, of these sources. The 
effect can range from a partial reduction to complete elimination of emission from 
that source. Noma1 waterborne releases and surface runoff sources both ultimately 
result in increased radionuclide crmcentration in Great 'Jestern Reservoir and Standley 
Lake. In this Statement, there is no sep..rate modeling of these two pathways; instead, 
both are iccounted for by using measured drinking water concentrations from these 
reservoirs. Thus, reduction in only one of these two emission sources leads to a 
dose change that could range from close to zero to almost the entire impact of the 
two emission sources combined. The fraction of the background doses received by the 

natural background, are 0.00011. for the total body, 0.010 for the liver, 6.020 for 
the bone, and 0.0043 for the lungs (Section 3 . 1 . 2 . 4 ) .  

. maximum reference man from routine operations (average intake), as compared with -_ 

Estimates of dose are predicted separately for three categories of people: 
(1) those drinking water supplied from Great Western ReLervoir, ( 2 )  those drinking 
water supplied from Standley Lake, and ( 3 )  all others living within 50 miles of the 
Rocky Flats Plant. 
differs because of the differing effects of the various alternatives on these segpents, 
and difference in the maximized source term contributions for the water pathways. 
determine the 70-year dose to a given individual following the implementation of one 
o f  the alternatives, multiply the fraction from Table 5-1 for the appropriate drinking 
water supply by that individual's corresponding organ dose found in Table 3.1.2-3. 

The change in the dose to these various segments of the population 

To 

. 

m e  last column in Table 5-1 shows the fraction of '.he zccident risk dose remain- 
ing following implementation of  the various alternatives. Refer to Table 3.2.4-1, 
for the 'IO-year risk dose. presented there as organ dose per individual. 
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in an uncontrolled area). (See Table 2.7.2-2 to make the conversion to comparabl- 
units.) A detailed material balance (i.e., an accountability system) calls for less 
than 10 grams of plutonium in the waste plant at any one time. 
criticality hazard and eliminates requirements for critically safe geometry and for 
nuclear reaction inhibitors in the operations. This quantity restriction will also 
limit potential environmental hazards. 

This avoids any 

The primary benefit to the Denver-area population from the waste treatment 
facility will be the elimination of any further need for solar evaporation ponds. 
The risk of an impoundment failure, discussed in Section 3.2.2.3 becomes zero. The 
contribution of this postulated accide-rt to persons drinking water from Great Western 
Reservoir is eliminated; reducing the risk dose for the reference man residing a t  a 

distance of 4 miles ENE of the Plant to 0 . 7 4 ,  0 . 4 6 ,  0 . 4 7 ,  and 0.99 of the values of  
the total body, liver, bone, and lungs risk doses presented in Table 3.2.4-1. rcspec- 
tively. 
are not changed. 

Risk doses to persons who do not drink water from Great Western Reservoir 

5 .2 .3  Water Recycle 

Current handling of Rocky Flats' raw. treated, and waste water is discussed in 
Chapters 2 and 3. Procedures followed at the Plant have resulted in effluents being 
generally within applicable guidelines. 
maximum concentrations for most industrial chemicals and radionuclides in air and 
water. 

These guidelines have been established as 

AS described in Section 2.9, suspended solids and biological oxygen demand (BOD) 

in the Plant's liquid effluent have occasionally exceeded EPA guidelines €or short 
periods of time. These excesses happened from construction of a tertiary water 
treatment system, changes in operating conditions associated with an upgrading 
program for the waste-treatment system. and cleaning Df the treatment plant. An 
improvement. such as tertiary treatment, minimizes future problems in meeting NPDES 
permit requirements. 

W E  is working toward the elimination of all routine liquid discharges from 
This will require total recycling of all Plant aqueous wastes. the Plant. 

are two major construction projects designed t o  attain this goa l .  

projects is the Water Control and Recycle project, which will provide facilities 
for the purification and recycling of all sanitary effluent and cooling tower hlow- 
down uater. 
be reused in the existing raw-water system that supplies makeup water t o  the cooling 
towers. 

$3.1 million. 

Therc 
The first of theEe 

The uater will be purified by using the reverse-osmosis process. It Kill 

This project is expected to be operational in 1980 at an estimated cost of  
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The second related project is the process waste-treatment pc-tion of the new 
plutonium recovery and process waste-treatment facilities (Sections 5.2.2 and 2.7.3.3) 
which will recycle all aqueous process wastes. Together, these two systems will 
develop a total recycle system. 
as described in Chapter 2, will be reused on site. 

Effluent from the process waste treatment facility, 

Recycling will reduce the volume of new water required for operations by an 
average of 6.12-million gallons per month. 
be sanitary wastewater recycled by means Of the reverse osmosis process; 920,000 gal- 
lons will be recycled process waste from the new waste-treatment facility 
important, the project will result in zero discharge of liquid effluent off site from 
the Rocky Flats Plant. Plant effluent water will no longer flow into Great Western 
Reservoir, which stores raw water for the city of Broomfield. 
low flow conditions, the drainage between the Plant and Great Western Reservoir does 
not support a fish population. 

Of that total, 5.2-million gallons will 

Hore 

Because of periodic 

As explained in Chapters 2 and 3. alpha radioactivity concentration in the 
drinking water supply downstream from the sanitary waste discharges is, at this time, 
consistently less than 1% of the amount permitted by EPA drinking water standards. 
This does not include releases of natural uranium activity present in water taken 
3nto the Plant from off-site sources. 
used for sanitary waste, however, could result in the release of plutonium that is 
resuspended from previously contaminated sediments. 

Continued release of water from holding ponds 

The benefit of the water recycling is to remove that fraction of the source term 

The fraction of the source term may be anywhere between 
associated with water discharges from the Plant, and attributed to drinking water 
from Great Western Reservoir. 
1.0 and 0, inclusive. 
Reservoir, therefore, can range between no change in the organ dose from routine 
releases to the fractions of the organ doses listed in Table 5-1. 
drinking water from Great Western Reservoir (residing at 4 miles in the ENE sector), 
the fractions are greater than o r  equal to 0.16 of the total body dose, 0.40 of the 
giver dose, 0 . 4 0  of the bone dose, and 0.96 of the lung dose. No benefit by way of a 
reduction in organ dose occurs to persons who drink water supplied from other water 
sys tems . 

The benefit to persons drinking water from Great Western 

For a person 

5.2.4 On-Site Contaminated Soil 

At present, plutonium concentrations in soil in the vicinity of the Plant are at 

This 
leve ls  above statewide background levels. (See Section 2.3.9 for a more complete 
description of the background plutonium levels in the vicinity of Rocky Flats). 
plutonium concentration resulted primarily from drums that leaked p1u:anium-contami- 
nated oil during the period 1959-1969. The highest levels of plutonium are found in 
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an area just inside the Plant'- eastern security fence, about 1.5 miles inside the 
Plant boundary. 

Uncontained on-site soil contaminated above 5,000 d/m/g or 22.5 microcuries per 
square meter, which involves about 43,000 square feet, has been removed. packaged, 
and shipped to a DOE-approved storage site. 
level for field instruments, the top 9 inches of soil, a total of approximately l,z(ro 
cubic yards, has been removed. 

To reduce this level to the background 

'isis project cost was about $470.000. 

The effect oh the removal of soil for this project is to reduce the annual 
airborne source term from resuspension of on-site soil by 7.2% and to reduce the 
organ dose to persops living in the vicinity of the Plant to approximately 93% or more 
of the present estimated amount (Table 3.1.2-3), depending on their distance of 
residence from the Plant. 
(Rockwell, 1975). 
effect on the environment. 
plutonium during the removal process. 
from a reduced plutonium source. 

An environmental assessment was prepared €or the project 
It concluded that the project would not have a significant adverse 

Care was taken to minimize any increased dispersion of 
Such dispersion would negate any future savings 

5.3 RELOCATION 

Relocation has been considered as an alternative to Rocky Flats' current location. 
Such an action could be a complete relocation of all functions associated with Rocky 
Flats, or it could be limited to relocation of only those operations having the 
highest potential for adverse effects on the environment. 

5.3.1 Complete Relocation 

All operations currently conducted at Rocky Flats could be transferred to 
ari9ther existing DOE facility or to a new site. 
indicates a total cost o f  approximately $2.2 billion for this alternative. 

A recent study (Rockwell, 1976) 
This 

cs tima te 

a. 

b. 

C .  

d. 

includes the following: 

Removal of all equipment and systems plus decontamination and demolition o f  
all  structures ($240 million). 
Removal of contaminated soil, which includes the asphalt pad area and 
sediment from ponds in the A and B series, and restoration of.the Plant 
site to near natural conditions ($42 million). 
Construction of new process and support facilities at a different site 
($776 million). 
Indirect costs of 15% plus 25% for contingency ($463 million). 

, 



These figures bring the total cost of this alternative to about $1.5 bildion in 
1976 dollars. An undertaking such as this would have to be implemented in several 
phases to maintain necessary production capabilities while new facilities are con- 
structed and placed in operation. 
for full implementatioir at the new site. Escalation at 6% per year through mid-1984 
would add $710 million to the cost; thus, a total of $2.2 billion in costs could be 
expected by the anticipated completion date of 1988. 
demolition and restoration, including indirect, contingency, and escalation costs, 
would involve about $405 million of this overall total. 

A period of about 10 to 12 years would be required 

Local expenditures for site 

If the new location were less populated, a beneficial impact on the total environ- 
ment would be involvement of fewer people should a potential accident release signifi- 
cant quantities of radioactive material. 
present site, a benefit from complete relocation would be lowering the organ dose to 
persons Xiving within 50 miles of the Plant. 
would be eliminated, resuspension of plutonium in on-site contaminated soil would be 
reduced to 5% of its present estimated value (Section 3.1..2.1), and the risk from the 
postulated accidents would be eliminated. The organ doses for those persons would be 
reduced to 5% or less of the corresponding organ doses for current routine operations, 
as given in Tzble 3.1.2-3, and organ risk doses from postulated accidents as given in 
Table 3.2.4-1 would be reduced to zero. Doses to populations at the new site cannot 
be estimated without knowing the population distributions, the meteorological charac- 
teristics and the water pathways in the new location. 
benefits is made in Chapter 9.  

To the population in the vicinity of the 

Routine releases from Plant buildings 

A comparison of costs and 

Underground relocation of the Plant is but a variation of Plant relocation 
discussed in the previous paragraphs. 
as it would include all costs of complete relocation plus the cost of underground 
construction. Putting the Plant undergromd would decrease the risk from accidents 
as a result of an aircraft crash. high winds, or tornadoes. 

To make this change would be extremely costly 

5.3.2 Partial Relocation 

The partial relocation alternative considers the action and impacts associated 
with transferring the Plant's radioactive-materials-handling functions to another 
site. leaving only those functions related to the processing of nonradioactive 
materials. This alternative would include complete decontamination, demolition, 
crating, and shipment off site of all contaminated structures and equipment; soil 
removal; deep plowing; and revegetation of contaminated land on site. New facilities 
would be required at a new site for all radioactive-material processes and associated 
administrative and support services.. 



As discussed in Section 5.3.1, the recent study (Rockwell, 1976) of costs for 
complete relocation of t.he Plant provides an adequate basis for estimating partial 
relocation costs. 
lion. This includes certain stainless steel and beryllium fabrication facilities, at 
a cost of $202 million, which cannot realistically be separated from plutonium opera- 
tions. All plutonium fabrication, scrap recovery, process development, research, 

In this case, the new facilities would cost approximately $751 mil- 

waste treatment, receiving, packaging, and storage facilities 
the new facilities, at a cost of approximately $450 million. 
support facilities would cost approximately.$99 million. 

Decontamination, demolition, crating, aad shipping costs 
This structures and equipment arc estimated at $149 million. 

would be included in 
New administrative and 

at Rocky Flats for 
includes demolition of 

older contaminated structures only, as the newer structures can be adequately cleaned 
by sandblasting all surf<aces. 
remcval of the A- and B-series pond sediment, is estimated to cost $42 million, 
bringing the total decontamination costs at the existing site to $191 million in 1976 
dollars. 

Removal of soil, deep plowing, and revegetation plus 

Adding 15% for indirect costs and 25% for contingency, approximately $4?3 million 
Completion of this (in 1976 dollars) would be added for a total of $1.36 billion. 

alternative would require 10 to 12 years; thus, escalating the cost at 6% per ye&r to 
a midpoint in 1984, with completion expected in 1988, the total cost of this alterna- 
tive would be $2 billion. Regional expenditures, including irdirect. cG3tingency and 
escalation costs, would amount to abour $275 million. 

Personnel, supplies, and utilities at Rocky Flats would be required at approxi- 
mately 37% of the currelit level. This is based on the continued need for maintenance, 
support, and administrative services for temaining facilities, additional adrninlstra- 
tfve load resulting from decentralized operations, and the need to coordinate opera- 
tions with the new facility. 
utilities. 
acter-tax revenue lops would be $26 million for the area. Reductions in induced 
payroll (after taxes) and in Federal impact payments would add another $44.6 million 
to the regional revenue loss for the partial relocation alternative. 

This constitutes a reduction of 63% in personnel and 
Assuming also a 50% reduction in supplies purchased, the direct annual 

Benefits to the Denver area that are attributable to this alternative would 
include the elimination of 100% of operational radioactive emissions, the elimination 
o f  95% of future resuspension from on-site soil. elimination of 100% of potential 
Plant accidents involving radioactive materials, arrd a reduction i n  the consumption 
of  natural resources. The organ doses to persons living within 50 miles of the Plant 
would be re&-ed to 5% or less of the corresponding organ doses for current routine 
operations, as given in Table 3.1.2-3, and organ risk doses from postulated accidents 
would be reduced to zero. Nonradioactive emissions would continue, although at a 
slightly reduced rate, but. with no significant adverse impact on the environment. 
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5 . 4  TERHIHATE OPEXATJONS 

Terniination of operations at Rocky Flats without provision for equivalent capa- 
bilities at another facility or at a new facility would result in discontincation of 
the production of certain nuclear weapons components. This alternative is incon- 
sistent with the current national defense policy established by the President dnd 
endorsed by Congress through legislation, including appropriation acts. The current 
national defense policy is beyond the scope of this Environmental Impact Statement 
for Rocky Flats. The localized effects and direct costs of terminating operations at 
the Rocky Fiats Plant ‘na\:e been evaluated and are presented in this section as three 
options: (1) Standby, ( 2 )  Complete Shul-down, with Total 3ecommissioning. and Partial 
Decontamination. and (3) Complete Shutdwn, with Total Decommissioning, Complete 
Decontamination, Total Demolition, and Site Restoration. 

5.4.1 Standby 

Placing the RockJ? Flats Plant on standby would consist o f  a shutdown of produc- 
tion and research and development activities, mothballing the equipment. and performing 
some decontamination. 
continue, as would security. health, safety, environmental, maintenance. fire depart- 
ment, transportation, and other support activities and personnel. A work force of 
approximately 1,400 people would be required. Based on a cost of $30 per square 
foot, and assuming approximately 35% of the total Plant floor area of 1.7 million 
square feet would require decontaminaiion. the cost estimate for standby mode is 
approximately $17.8 million. In keeping with the definition of standby, this estimate 
does not include costs for disassembly of equipment and systems, or for decontamination 
of external surfaces or land areas immediately adjacent to the buildings. 

Operations to recover plutonium from waste and scrap would 

Existing contamination of Plant structures and land would be unchanged, and 
maintenance, security, health physics, administrative. and management personnel would 
be required to monitor and maintain the Plant to ensure a continuously safe and 
secure status for all facilities. Placing the Plant in a standby mode would require 
approximately two to three years because of the aaterial in process and the time 
required for decontamination. 

The benefit to the environment of placing the Plant on standby would be a 
reduction in the radioactive and nonradioactive effluents from routine Plant opera- 
tion. Another benefit would be an avoidance of some potential accidents involving 
the release and spread of radioactive and nonradioactive materials. 
Plant would a lso  mean a reduction in Lhe consumption of natural resources in this 
area. 
term of 100 VCi of plutonium alpha activity emitted annually to the air from routine 
Plant operations. 

Closing the 

A standby mode of operation would eliminate essentially all the assumed source 

It would also eliminate the ootential 5 Ci of tritium activity; 
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but it would not affect source term, 4,400 pCi, a maximized estimate of plutonium 
alpha activity emitted from existing on-site contaminarion. 
the drinking water source term for vater from Great Western’and Standley Lake. 

No change is expected in 

The effect of tht standby condition on persons residing within 50 miles of the 
Plant, for routine, chronic releases, is a reduction of the organ doses to 94% or 
more of the current operating impact. 
would be reduced, but the reduction has not been quantified. 

Organ risk doses for postulated accidents 

5.4.2 Complete Shutdown, Total Decommissioning, and Partial Decontamination 

Complete shutdown, total decommissioning, and partial decontamination of the 
Rocky Flats Plant. as postulated in this alternative, would entail shutdown of all 
activities, decontamination ot all structures and equipment, dismantling of all 
production and process systems and coolponents, and crating them for shipment to M E -  
approved storage site. The decontaminated strucLures would remain. along with thoir 
tltilities and other service systems. Some contaminated soil within the Plant bound- 
aries probably would remain, 

An estimate of costs for this mode of termination was made during a recent stu& 
(Rockwell, 1976). I? this study, decontamination of structures would lnclude saad- 
blasting of certain walls and floors after general scrubdown and cl?aning of all 
contaminated surfaces. Soil decontamination of certain areas would corsist of teooval 
and shipment of approximately 812,000 cubic ieet of soil, plus deep plowing and 
revegetation of approximately 220 acres, including 20 acres associated with the 
812,000 cubic feet of soil removed. The asphalt pad, its underiying soil, and pond 
sediment would also be removed and shipped off site. 

Estimated cost for these actions is $278 million in 1976 dollars: $167 million 
for building-equipment decontdninstion and disposal and for building restoration, 
$50 million for building demolition and disposal, and $61 million for deconteminatioa 
o f  soil and pond sediment and for site restdration. These figures allow 15% for 
indirect costs and 25% for contingencies. 
midpoint would raise the total cost to $331 million, assuming coapletion of the 
project in 1982. . 

Escalation at 6% annually to a three-year 

The cost of soil and pond decontamination efforts in the above estimates were 
based on the following criteria: 

(1) All areas of the Plant site and buffer zone in which piutonium contamina- 
tion is above 1,000 d/m/g will be excavated by an environmertally approved 
method to remove the top 1/8 inch to 1/4 inch of soil. 
be deep plowed and revegetated w i t h  natural grasses. 

The areas will cben 
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All areas of plutonium contamination on site and in the buffer zone between 
100 d/m/g and 1,000 d/m/’g will be deep plowed and revegetated. 
Soil under the asphalt pad and sediment in the bottoa of the A- and B-series 
ponds will be removed and shipped offsite. 

A total annual revenue loss to the region of approximately $44 million in direct 
expenditures and $70 million in induced payroll would result (Chapter 9). 

Benefits from complete shutdown, total decommissioning, and partial decontamina- 
tion would be the elimination of all radioactive and nonr3dioactive effluents, acci- 
dental release potential, consumption of natural resources, and potential impacts of 
contaminated soil for the areas decontaminated. The 220 acres thar would be decontam- 
inated, including the asphalt pad area and pond sediment, contain about 95% of the 
on-site soil contaminated with plutonium (refer to Section 2.3.9.1 for detailed 
discussion of plutonium distribution). 

Plant shutdown and partial decontamination would have t1.e same effect on the 
organ doses to persons living within 50 miles of the Plant as would complete relocation. 
The organ doses for those persons would be reduced to 59, or less of the corresponding 
organ doses from current routine operations, and organ risk doses from postulated 
accidents would be redwed to zero. 

I 
i 

5 . 4 . 3  Complete Shutdown, Total Decommissioning, Complete Decontamination, 
Total Demolition, and Site Restoration 

The third mode of termination extends the complete decommissioning and partial 
decontamination discussed in Section 5 . 4 . 2  to include demolition o f  all Plant struc- 
tures and facilities, crating and shipping them for storage, and complete restoration 
of the site through plowing and revegetation. 
would remain in the soil and stream sediments. as indicated in Section 5 . 4 . 2 .  The 
cost for decontamination, demolition, and crating of all remaining structures and 
equipment, above the $278 million estimated in Section 5 . 4 . 2 ,  is estimated to be 
$139 million. Soil removal, plowing, and revegetation of the area previously occupied 
by Plant structures would add about $1 million. This would raise the total cost for 
this alternative, including indirect and contingency COSLS, to $418 million in 1976 
dollars (Rockwell, 1976). Escalation at 6% annually to a four-year midpoint would 
increase the cost to $528 million, with an estimated completion date of 1984. 
total annual revenue loss to the region of approximately $44 million in direct 
expenditures and $70 million in induced payroll would result (Chapter 9).  

Some residual plutonium and americium 

A 

The benefits of this alternative would be identical to those described in 
Section 5.4.2; i.e., site decontamination, elimination of all effluents an< accident 
potential, and elimination of the consumption of natural resources. An additional 
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30 acres, now occupied by Plant structures, would be returned to range after demoli- 
tior! and removal of all Plant structures. This would increase the site restoration 
acreage to 250. The reduction in the organ doses to perions living within 50 miles 
of the Plant is identical to that for the alternative presented in Section 5 . 4 . 2 .  

5.5 OTHER ALTERNATIVES 

In contrast to Section 5.2, which discusses changes to Plant operations that 
have been approved, funded, and currently are in various stages of  completion, this 
section discusses other changes that have been curasidered. The a1;ernatives included 
in this section involve ( 1 )  actions regarding plutonium-contamindted soil, ( 2 )  struc- 
tural integrity of buildings, (3) additional land acquirition, and ( 4 )  surface-water 
control . 
5 . 5 . 1  Actions Regarding Plutonium-Contaminated Soil 

In addition to the plutonium-contaminated soil that has been removed from the 
lip area (as discussed in Section 5.2.4). there are areas in which some soil removal 
has been done or is under consideration. The areas included are adjacent to the 
solar evsporation ponds, the soil under the asphalt pad, east and southeast of the 
lip area, and some waste burial sites. A large fraction of the organ dose described 
as resulting from normal operation is attributable to these source areas. 

Possible actions that can be taken with the contaminated soil include one or 
more of the following: 

(1) 
(2 )  Containing the plutonium. 
( 3 )  Removing the plutonium with the soil (Section 5.2.4). 

Separating plutonium from the soil. 

Rocky Flats is researching methods to remove plutonium 
methods are intended for application in the decontamination 
pad. The research has focused on three basic processes: 

(1) Partial concentration by attrition scrubbing, siz 
(2) Concentration by one or more physical techniques: 

a. conventional magnetic separation 
b. high-gradient magnetic separation 
c. flotation 
d. density gradient 

from the soil. l'he 
of soil under the asphalt 

( 3 )  Chemical leaching of the final concentrate from Step 2 .  

ng, and screening. 
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At present, research indicates 70 to 90% soil decontamination may be obtained by two 
stages of sizing, screening, and attrition scrubbing, but a third stage process 
specific to plutonium must be satisfactorily demonstrated. A soil decontamination 
plant based on these processes is receiving budget consideration for completion by 
1982, but will not be built if it is determined that some other option, such as soil 
removal, i s  safer and less expensive. 

Containment of the plutonium is exemplified by the asphalt pad which covers the 
area where contaminated oil leaked from steel drums. Contaiment by the asphalt pad 
removed about 1.7 Ci of plutonium from possible resuspension. 
serves as an effective means of containment in most areas to which the present discus- 
sion applies. Containment methods acceptable for long-term control might include 
deep-plowing the soil to place the plutonium out of availability for surface resuspen- 
sion. Deep-plowing dilutes the concentration of the radioactivity in the soil, 
making it less available to plants with shallow root zones and to surface runoff. 
Deep-plowing would be followed by application of top soil and revegetation. 

Vegetation presently 

Five specific actions copcerning plutonium-contaminated soil on and off site 
have been considered. These actions. which follow, are based on the recommendations 
of Healy (1974) and the guidelines of the Colorado Department of Health (Section 
2.3.9.2): 

2 (1) Removal of all soil above the State guideline of 2 d/m/g (0.01 pCi/m 1. 
(2)  Removal of all surface soil above 500 d/m/g and deep-plowing the soil 

(3) Removal of all surface soil above 500 d/m/g, but refraining from any other 

( 4 )  Deep-plowing all surface soil containing plutonium above the State guide- 

(5) Removal of buried waste containing radioactivity above the State guideline. 

containing plutonium levels above the State guideline. 

act ion. 

1 ine. 

j Costs, impact on organ dose, and benefits associated with these five actions are 
listed in Table 5-1. Costs for all soil-removal efforts include packaging the soil 
and shipping it to a XE-approved storage site. 

The most comprehensive soil removal alternative would be to remove all exposed 
2 soil with plutonium levels above the State guideline of 2 d/m/g (0.01 pCi/m ). Based 

on data from DOE contracted studies, this potentially would involve about 1,000 acres 
of off-site land and about 2,000 acres of on-site land. If these 3,000 acres were 
excavated at an estimated cost of $11 per square foot,  this action would cost about 
$1.44 billion, not including capital equipment. Removal of the asphalt pad and the 
soil under it and removal of sediment from the A and B series ponds is estimated at 
$61 million, including indirect costs and contingency allowance (Rockwell, 1976). 
The total estimated cost for this alternative is therefore $1,500 million. 



In terms of benefits. removing all soil presently above the Colorado State 
guideline would dispose of about 90% of the estimated 6.9 Ci of on-site plutonium and 
90% of the 2.6 Ci off-site plutonium. 
resuspension source term to 0.1 of the value estimated for current operations (Section 
3.1.2.1). No reduction in source term would result from rsmoval of the asphalt pad 
and soil under it, because the plutonium in that location is presently considered to 
be 100% contained. Likewise, no reduction in waterborne source term beyond that 
estimated under water recycle (Section 5.2.3) is expected from removal of pond sediments. 

The reduction in the organ doses for persons living within 50 miles of the Plant 
for routine releases are shown in Table 5-1 for this alternative. 
residing at 4 miles from the Plant in the ENE sector and drinking water supplied from 
Great Western Reservoir, the 70-year bone dose is reduced to 63% of its present 
estimated value (Table 3.1.2-3). The 70-year bone dose would be reduced to 36% and 
13% for the person residing at 2 miles in the ESE sector and drinking water supplied 
from Standley Reservoir and for persons drinking watzr supplied from other sources, 
respectively. 

This would mean a reduction of the on-site 

For the person 

2 The removai of off-site soil above the State guideline of 2 d/m/g (0 .01  pCi/m ) 

would reduce the organ doses to hypothetical persons living on that ground. The land 
is presently uninhabited. See Section 3.2.4.3 and Table 3.2.4-3 for the presentation 
of these doses. This removal would reduce the contoirs of 0.05 pCi/m and 0.02  
rCi/m2 to a value of 0.01 pCi/m2, or possibly less, with a reduction in the organ 
doses to a hypothetical person living at those locations to 20% and 50% respectively. 

2 

Removing soil containing plutonium above 500 d/m/g (a judiciously chosen, but 
arbitrary guide)* and plowing the remaining land containing plutonium above the State 
guideline could appreciably reduce the cost as compared with removing all soil above 

The 50 acres are in four locations, two of which do not involve bare soil. The areas 
are as follows: 

I 2 d/m/g. There are an estimated 50 acres on the Plant site that exceed 500 d/m/g. 

(1) Sediment at the bottom of the B-1 and B-2 holding ponJs. 
(2) 
(3) 
( 4 )  

Soil under and adjoining the asphalt pad. 
Soil extending southeast of the asphalt pad. 
h former waste storage site at the northeast corner of the Plant security 
area. 

Removal of the soil under the asphalt pad and removal of sediments from the A 
and B series ponds has been estimated at $61 million (Rockwell, 19761, including 
indirect costs (15%) and contingency (25%). Soil adjoining the pad having plutonium 
Zevels above 500 d/m/g are estimated to include 1.02 million square feet (27 acres). 
At  $11 per square foot, the cost of this action would be $11.3 million. The total 
cost of soil removal would be $72.3 million. At $40 per acre (Rockdell, 19761, 
plowing and restoring the remaining 2,950 acres of land containing plutonium concen- 
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.. - trations between 500 d/m/g and the State guideline of 2 d/m/g would cost an additional 
$118,000; thus, the total estimated cost for this al*ernative is $ 7 2 . 4  million. 

-- 

The effect of these actions is to reduce the source term for routine releases 
from resuspension of on-site soil to 26% of its present estimated value (Section 
3.1.2.1). 
Plant is given in Table 5.1. For routine operations the doses to the organs will be 
28 to 89% of the present estimated amount. 
risk dose from postulated accidents. P1owir.g of off-site soil above the State guide- 
lines of 0.01 pCi/m2 is expected to have the same reduction as for the soil removal 
discussed €or the first alternative in this section. 

The effect on the organ doses to persons living within 50 miles of the 

This alternative has no effect on the 

The third alternative is removing all soil containing plutonium above 500 d/m/g, 
but doing nothing with the remaining plutonium-contaminated soil. This would involve 
the removal of pond sediment plus dirt from under and near the asphalt pad. The 
estimated cost would be $ 7 2 . 3  million. The effect of this action is to reduce the 
source term for current releases from resuspension of on-site soil to 73% of its 
present estimdted amount. The effect on the organ doses to persons living within 50 
miles of the Plant is given in Table 5-1 .  Doses to the organs will be 74% to 96% of 
the present estimated amount. 

The fourth alternative, plowing and restoring all surface soil containing pluto- 
nium above the State guideline of 2 d/m/g. would require plowing approximately 
3.000 acres at an estimated cost of $120,000 ( $ 4 0  per acre). The effect of this 
action is to reduce the source term for routine releases from resuspension of on-site 
soil to 20% of its present estimated value. The effect on the organ doses to persons 
living within SO miles of the Plant is ,iven in Table 5-1. The doses to the organs 
are in the range of 22 to 68% of their present estimoted values. The effect on off- 
s i t e  soil is the same as for the first two alternatives in this section. 

In addition to the surface-contaminated areas, there are certain places on the 
Plant site that have been used zs disposal sites, covered by two  to three feet of 
soil. The soil below the surface in these areas may contain low levels of plutonium. 
but because of the low mobility of plutonium in soil, there is no evidence from air 
and well sampling that the plutonium has moved or that any off-site contamination or 
exposure of the general public has resulted from this subsurface contamination; nor 
is there any reason to expect any spread of this contamination within the next few 
decades. Additionally, studies on soil disturbance by burrowing animals (Winsor, 
1975) indicate upcast soil comes from around the IO-cm horizon, implying that no 
disturbance occurs to soils at 100-cm depth. Therefore, there will be no exposure to 
the Denver-area population in the. next 70 years and no benefit, as deterwined in 
previous sections, would be gained by decontamination. I t  is recognized, however, 
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that'because plutonium has a long half-life (24.000 
prevent dispersal of plutonium over a very long per 
hazards from that dispersal. 

years), decontamination could 
od and thus prevent any potent 

A fifth alternative considered in dealing with plutonium-contaminated soil is 
remove those disposal sites where the existence of plutonium concentrations above 
background levels are known or suspected. The material involved in these &reas 

a1 

to 

(excluding the asphalt pad area) amounts to a total estimated volume of 6 . 4  million- 
cubic feet. Available information indicates t6at most of the radioactivity in these 
areas is from uranium and other naturally occurring alpha emitters. The average 
level of plutonium in these disposal sites is about 0.01 nCi (0.00001 pCi) per gram. 
This level is so low that the soil would not require special packaging for off-site 
shipment. As a result, removal costs would be reduced to $6 per cubic foot for a 
total cost estimated at $38 million. 

The EPA is currently establishing guidelines (Section 2.3.9.2) for allowable 
levels of plutonium in soil. These guidelines may have an influence on future Rocky 
Flats actions concerning contaminated soil. The Environmental Protection Agency 
(EPA) has proposed a guideline of 0 . 2  pCi/m . This value applies to the top 1 cm of 
soil in uncontrolled areas and is described as a screening level rather than an upper 
limit. Current data indicate that off-site soil contamindtion levels do not exceed 
the federal proposed screening level. On site, a planimetric estimate from HASL 
isopleths (Krey, and others, 1976) indicates that approximately 303 acres of exposed 
soil exceeds the proposed screening level. If the presently proposed 0 . 2  pCi/m 
screening level for the top centimeter of soil is accepted. no off-site land would 
require remedial action. About 300 acres of on-site land would coctain plutonium in 
excess of the guide for remedial action, excluding areas covered by the asphalt pad 
and the sediments in the ponds. This land i s  presently in a controlled-access area, 
and therefore is not subject to the recommended actions o f  the proposed guide. Deep- 
plowing the 300 acres at $40 per acre for plowing and restoration would cost about 

2 

2 

$12,000. 
I 

NO dose reduction benefit is expected from this action. 

Pxesently, radioactivity in soil at Rocky Flats is contained and the locations 
Close surveillance of all areas having radioactivity is maintained are docunented. 

by the Pla,it's operating contractor and by State and Federal agencies. 

5.5.2 Structural Integrity o f  Plant Buildings 

Since the Rocky Flats Plant first became operational in 1952, many changes have 
occurred at the Plant. 
continuous processes, both to increase capabilities and capacity, and to upgrade 

Expansion, modification, and renovation have been virtually 



i 

existing structures, systems, and equipment so as to improve the handling of radio- 
active materials and ensure safe operation. Throughout the Plant's history, every 
new facility has been designed and constructed to meet the most stringent safety 
requirements in effect at the time of construction. Many of these new criteria 
originated from research and development at the Plant, and many different design 
criteria have been implemented at different times in the Plant's history. In general, 
structures and systems have been subject to more stringent (with greater safety 
factors) design criteria as time passed. The increased conservatism resulted primar- 
ily from consideration of more serious postulated accidents. 
resulted in a criterion requiring greater load capacity of structures. This does not 
mean that existing structures will not withstand the corresponding loads if the 
postulated conditions were to occur. All engineered facilities have safety margins 
in excess of the design criteria. 

lhese considerations 

formal Safety Analysis Reports are being prepared fcr major Plant structures. 
As part of this project, a detailed structural analysis is being conducted to determine 
the structural capability of each major building as it pertains to certain natural 
phenomena. These analyses will document the structural response in facility Safety 
Analyses Reports of the major buildings to seismic, tornado, and extreme wind forces. 
The results will then be used in connection with subsequent decisions on Plant improve- 
ments. 

5.5.3 Land Acquisition 

Congress appropriated $11.4 million for the purchase during 1974 and 1975 of 
about 4.000 acres of land s-irrounding the original Rocky Flats Plant site. 
the purchase, an Environmental Impact Statement was prepared (USAEC, April 1972). 
Tfie intent was to provide a 1 to 1.5 mile extension of the buffer zone around the 
facility. 
often arise when residential communities encroach upon industrial facilities. This 
buffer zone will also provide an e*:tra margin of public safety in the event of an 
accident at hocky Flats. 

Prior to 

The acquisition was and is intended to minimize the type of problems that 

About 450 acres of the present buffer zone is being developed into a wind energy 
test facility as described in Section 2 . 4 .  Planting of trees and shrubs in the 
buffer zone could enhance the esthetic value of the area. Such efforts have and will 
continue to be challenged by unfavorable soil and climatic conditions prevalent in 
this area. A land management plan has been drafted for the buffer zone area. Imple- 
mentatien of the plan will encourage protection of the existing ecology, archeology, 
and facilitate research, and operational use where this is appropriate, and revegeta- 
tion where it is ceeded. 
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Air and soil monitoring done at the boundary of the Plant show that 
jacent to it is within the EPA propose' Guidance for Transuranics in the 
(1977). Although a DEIS commenter has suggested that the air monitoring 
reliable, this has not been substantiated (see Appendix I).  

As stated in this section, plutonium concentration levels above the 

land ad- . 
Envi romen t 
data are not 

Colorado 
State guideline of 2 d/m/g exi in certain areas beyond the new site boundary. 
Recent measurements, using the Colorado Health Department's soil-sampling technique, 
indicate that the actual amount of land with soil above the State guideline of 2 
d/m/g may be limited to 1.5 square miles (1,000 acres) on the east boundary of the 
facility. 
plans no additional land acquisitions. 

The cost for that 1,000 acres would approximate $5 million; however, DOE 

The el-fect of acquiring the additional land having plutonium concentration 
2 levels above the State guidelines of 0.01 pCi/m 

that land. 
receive the organ doses presented in Table 3 . 2 . 4 - 9  for contours greater than 0.01 pCi/m . 

is to prevent persons from living on 
The acquisition. therefore, eliminates the possibility that persons could 

2 

5.5.4 Surface Water Control 

Alternatives have been proposed to reduce the impact of plutonium-contaminated 
soil surroundicg the Plant. 
ments and existing water systems was conducted in 1974 (ESI, 1974) as part of the 
total water recycle project. 
reservoir be constructed to collect the surface runoff water originating in or flowing 
through the control area (inside the security fence) where all Plant buildings are 
located. 
the only remaining water discharge from the Plant site that could carry contaminants 
to domstream water users. 

For example, a study of the Plant's overall water require- 

This study recommended that a perimeter canal and large 

Upon completion of the total water recycle project, storm runoff would be 

Existing retention ponds on North Walnut CrJek, South Walnut Creek, and Woman 
Creek are not sufficiently large to hold storm runoff water originating inside the 
Plant security fence during heavy rainfall. 
they are bypassed to prevent the release of resuspended pond sediment with the runoff 
water. The proposed surface water s,stem would contain and control storm runoff. 
After analytical sampling to ensure that the water quality is within acceptable 
limits, the water can be released. 

Before these ponds fill to capacity, 

.\ 

\- 
\ The presently planned system, begun in 1978, is described in Section 2.10.2. I t  

w i l l  consist of open drainage ditches and three, earthen impoundment dams. 
vi11 be constructed on North Walnut Creek (Dam A-4). South Walnut Creek (Dam B-S), 
and Woman Creek.(Dam C-2). 
fence, will be enlarged to contain runoff from the 100-year storm. To the west of 

The d a m  

McKay Ditch, located to the west and north of the security 
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the controlled area, a flume will be constructed across North Walnut Creek. This 
flume will divert water to HcKay Ditch and thus prevent water floo.from the west from 
entering the controlled area of the Plant Site. 

The dam core will be constructed from clay obtained from clay formations in the 
buffer zone. Other dam-construction soil will be obtained from suitable sites in the 
buffer zone. 
by riprapping. 

All newly exposed soil will be protected from erosion by reseeding or 

Almost in line with the midpoint of the controlled area, Woman Creek will be 
diverted by a bypass ditch around the existing C-1 dam and the new C-2 dam. Drainage 
from the controlled area will go into a drainage ditch which will be constructed 
between the security fence and Woman Creek. This ditch will pass through the C-1 and 
C-2 dams before joining Woman Creek. These dams can contain all runoff water from 
the 100-year storm; thus, the diversion ditch will prevent storm runoff that passes 
through the area inside the security fence from entering Woman Creek. This system is 
to be completed by the end o f  FY 1979. The estimated cost is $2.8 million. 

This surface water control system will minimize the redistribution of radioactive 
and nonradioactive contaminants that might otherwise occur as a result of a heavy 
storm, and it also would reduce the threat of excessive erosion of downstream channels 
and O C  flooding Great Western Reservoir and Standley Lake if the 100-year storm 
should occur. This project is expected to result in no change in the organ doses to 
persons from routine releases. Elimination of accidental waterborne-releases will 
have the same effect as the waste treatment facility on the r i s k  dose €ran accidents 
(Section 5 . 2 . 2 ) .  

Other alterations of the environment because of this control system will be 
removal of top soil in the dam construction sites and Woman Creek bypsss ditch plus 
redistribution of the soil elsewhere in the buffer zone. The redistributed soil 
would be reseeded with local grasses. 

i 
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6. RZIATJOtiSHIP BETWEEN SHORT-TERM USES 
A N D  LONG -TERM PRODUC?'IVITY 

This section briefly summarizes the cumulative environmental effects resulting 
In addition, 

A 
from Rocky Flats' short-term (1951 to present) use of area resources. 
possible effects from decommissioning and relocation of the Plant are discussed. 
more detailed discussion of these issues is found in Chapters 5 and 9 of this Environ- 
mental Impact Statement. 

6.1 CUHUIATlVE EWIRONMENTAL EFFECTS 

The construction of the Plant and its operation since 1951 have affected the 
environment, as would the construction and operation of any major industrial plant. 
The primary cumulative environmental effects to date because o f  Rocky Flats opera- 
tions have included the following: 

(1) Some chemical and radioactive contamination of soil, water, and air. 
(2) Interference with the natural habitat of flora and fauna. 
(3) Prevention of agricultural, industria;, and residential development on 

( 4 ;  
land within the Plant boundary. 
Consumption of natural and energy resources. 

Off-site soil containing plutonium from Rocky Flats presents no known danger to 
human health (CDH, 1971). Soil contamination is discussed in detail in Sections 
2.3.9.1 through 2.3.9.3. The radioactivity and chemicals in water and air leaving 
the Plant are below Federal and State standards established to protect human health. 
Hinor exceptions have occrrred with chemicals in water. 
in Section 2.9.1.2. Future dissemination in the environs of radioactive and non- 
radioactive effluents from Rocky Flats will be redvced even further when a new waste- 
processing facility and a total water-recyc?e program become operational. Addition- 
ally, the need for raw water will be reduced by about 40% when the water recycle 
program is operational. 

These exceptions are discussed 

I 

If  Plant operations continue as at present, access to the Rocky Flats site will 
be limited, and use of land within the site boundary will remain restricted to activ- 
ities having minimal environmental impact. Additional land surrounding the Plant was 
purchased in :975 to eniarge the buffer zone (see Section 5.5.3) and is considered in 
the Rocky Flats Land Management Plan. The Plan is directed toward maintaining the 
area surrounding the Plant in as natural a state as possible and toward minimizing 
any adverse impact of Rocky Flats on the environment. 
programs have involved top soil rehabilitation, reseeding of natural grass-s, tree 
planting, as discussed in Section 2.3.10.4. 
tributions to the area ecology. 

. 
Recent environmental improveaient 

- .  These programs make beneficial con- , 
\ 
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The presence of the Plant may have prevented sorce inddstrial and residential 
development, and has resulted in a small loss of grazing land for livestock and grain 
production. 
land, with a concurrent increase in wildlife. Restricted land use, planting of tree% 
and natural grasses, and controlling of surface waters will minimize erosion and kill 
promote &he growth of natural vegetation and wildlife. 
can be put will continue being limited as long as the Plant operates with its present 
mission. If alternate uses are chosen for the Plant, the long-term effect on the 
cnviromcnt will depend on the use. 

That loss, however, will be offset by the probable recovery of overgrazed 

The uses to ehich the site 

6.2 DECOWlSSIONING 

The Rocky Flats Plant will continue producing componeats for nuclear weapons as. 
long as required for national defense or until the operation is moved to another 
location (an alternative discussed i n  Section 5). When n3 longer needed, the Plant 
could be decommissioned and possibly used €or some other purpose such as  research. 
The land also could be made available for on alteinate use such as commercial develop- 
ment, residential development, or agriculture. Future uses diffeting from current 
Plant activities might require soil decontamination, depending on the level of radio- 
activity in soil as allow2d by recognized standards existing at the time. 
decontamination, if needed. will require considerable time, money, and a suitable 
technology. 

Soil 

Consideration of moving Rocky Flats operations to another location would raise 
fundamental issues of practicality and economy. These issues include the acceptabil- 
ity o f  another location to perform the uqiquc Rocky Flats mission, the time needed to 
build or modify another facility, and the substankial costs associated with reloca- 
tisn. 
such as the availability of a skilled work force and other :esources comparable to 

those in the Denver area. 
the current Rocky Flats operation elsewhere and leaving the site in a condition 
suitable for other types of work is approximately $2 billion. 
derived on the basis that conversion of the site would be initiated in the near 
future; it does not include costs that would be incurred in converting the existing. 
highly specialized structures to non-nuclear work. 
relocation is about 10 years. 
greater detail in Sections 5.3, 5.4, and 5.5. 

The acceptability of another location would depend on a number or factors, 

A conservative estimate of costs associated with relocating 

This cost estimate rJas 

The estimated time required for 
Decontamination and dezommissioniag are discussed in 
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7 .  RELATIONSHIP TO LAND-USE P W S  

The Rocky rlats P:ant, li e most industrial facilities, has some impact or t 
surroundirg areas. To assess this impact, land-use plans in the vicinity of the 

ie 

Plant site were identified, and possible Plant inflt.ences on these plans were eJalu- 
atcd. This section briefly covers land-?lse plans for areas within 10 miles 0: the 
Plant and mentions possible conflicts with these plans. 
this area is described in Section 2 . 3 . 2 .  

The existing land-use of 

7.1 LAND-USE PLANS 

Land-use plans and zoning maps were acquired for Adams, Boulder, and Jefferson 
Couaties. and for the cities of Arv3da. Boulder, Broomfield. Lafayette. Louisville, 
Superior, Vestminster and Wheat Ridge. The general area of interest wc.s reviesed. 
and a composite land-use planning map was developed irom the above sources. 
is shown in Figure 7.1-1. 

This map 

7.1.1 State Land-Use Plans 

The most recent edition available of the State land-use map was published in 
1973. 
acquired from counties and municipalities; this information is, howetzr, generally 
consistent with the objectives of the State planrling. 

For the vicinity of the Rocky Flats Plart, the most detailed information was 

7.1.2 County Land-Use Plans 

The area within 10 miles of the Rocky Flats Plant is located in three counties: 
Adams, Boulder, and Jefferson. 

Adams County, east of the Plant, includes portions of Arvada, Broomfield, and 
Westminster. Most of this area is under the jurisdiction of the cities and is dis- 

/ cussed in Section 7.1.3. 
/ 

/ 

The Rocky Flats site and most of the areri witkin 10 miles to the east. south, 
and west is located in Jefferson County. 
covered by two documents: 
County Planning Commission in 1973 and amended September 1974; and ( 2 )  the land use 
zoning maps published December 15, 1977, in an information booklet issued ty  Jefferson 
County Planning Department. 
planned primarl!y for agriculture or open space, except for a narrow strip adjacent 
to the western Plant boundary. 

Future land use in Jefferson County is 
(1)  the Coldenflalston Plan, adopted by the Jefferson 

. .  
A s  shown in Figure 7.1-1, the land west of the Plznt is 

1 

i 
That strip is planned for industrial use. /.- 
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Figure 7.1-1  Land-Use Map 



Land adjacent to the Plant's southern bouritary is planned for industi icil vsp.insicm. 
with some low densiLy residtntial development. 

East of the Plant, an area adjacent to the Jeffco Airport i s  p I A i 1 , i c v l  tc>r indus- 
trial expansion, with most o f  the remaining land p!anned for l o w  ( Z t . i - c . , - t o ' - t h r c . c .  u n i  I s  

per acre) residential expansion. The area imrediatcly adjacent t o  St rliidlev I..ikt., 
southeast of the Plant, is planned Cor open spacz, which w i l l  t i t n i t  rt*~idt*iiti~il 
expansion in that area. 

The area north of the Plant is 
Boulder Valley Comprehensive Plan. 
ited residential expansion into the 
The Plan does not, however, project 
of Rocky Flats' northern boundary. 

7.1.3 city Land-Use Plhns 

Evaluation o f  comprehensive land-use plans an6 zoning m.cps f o r  popuI.it  ~ r ) n  ccBntcr5 
surrounding the Rocky Flats Plant included the cirics of A r v A . i ,  Houldvr, Kroonit ii*ltl. 

Golden, Lafayette, Louisville, Superior, Wcstt~iinsler. and h'hc'it Kitlgc. I'L.in+ here 

acquired from these cities excep: for Golden, Arvada. b+ \itninstt*r. .ind tht.it Kidg~. 

which currently do not have adopted land-use plans. l~.forincit i o n  1 rotti I htssc. pI..ns %.IS 

incorporated into Figure 7.1-1 and was compared with t l u .  cmrlty Imd-usc. p l . i i i S  ft)r 

consistency. 

General urbanization of the areas east and southe-1st ot : t ic  I'I-tnt i s  shokn on 
various plans and zo,iing maps particularly those of Arvad,i .and Wt.stiii1nstt.r. 'l'ttc. 

Closest residential area, 4.5 miles distant froin the Plant. i s  apprcwtxl  flJr .I I ' L ~ I ~  

(Planned Unit Development) and will have an average haustng density o t  Icss t h m  
3.5 units/acre. 

North of the Plant. the cities of Boulder, Lafayette. L o u i s v i l  I t - .  and Superior 
have: conprehensive land-use plans covering the area vithin t t i r  ir rc.spcv: i \ f t .  city 
limits; these cities are distant enough from the Plant bountlar.0.:. howvet-, th.rt they 
do not affect *he area in the Plant vicinity. To the south i s  the city o f  G01dt.n. 
which is also located far enough from the Plant that growth w i l l  not affect  the Rocky 
Flats area. 

7.2 PLANT INFLUENCE ON LAND USE 

After the various comprehensive land-use plans and zoning maps in the vicinity 
of the Rocky Fla&s Plant were reviewed, an evaluation vas made of the influence t h e  



Plant might have on these plans. The only area of potential land-use conflict is 
near the eastern uoundary of the Plant. 
jurisdiction of Jefferson County, is affected by the residential expansions of Arvada 
and Westminster. 

Land-use in this area, generally tinder the 

In 1972 the Colorado Department of Health defined an "Area of Concerp." In 1975, 
after additionai soil sampling, the area was reduced in size, to having a northern 
and western boundary of Colorado 128 and Colorado 93, respectively, with a southern 
bcundary of 80th Avenue extended to Colorado 72 and an eastern boundary o f  Simms 
Street extended through Standley Lake. Special construction techniques, such as 
plowing, may be required by the State Health Department on soil containing plutonium 
in excess of 2.0 d/m/g or 0.01 pCi/m 2 (see Section 2.3.9.2). 

In May 1975, zoning for a residential development immediately southeast of Rocky 
Flats was denied by Jefferson County Commissioners because o f  concern over possible 
plutonium contamination. Subsequently three I.iwsuits were filed by the owners of the 
land adjacent to the Plant against the United States, The Dow Chemic21 Company, and 
Rockwell International Corporation. These landowners allege that operation of the 
Plant has damaged their property. The defendants have denied the all..tgations and are 
defending the suits. Resolution of this litigation may determine whether any changes 
in existing land-use pllns will be required. 
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8. IRREVERSIBLE AND IRRETRIEVABLE COMMlTMENTS OF RESOURCES 

8.1 NATURAL AND ENERGY RESOUiiCES 

Host energy resources consumed for utilities and transportation in daily opera- 
tions of the Rocky Flats Plant are irretrievable. The quanticy of resources consumed 
is based primarily on operational needs of Plant facilities. These needs are influ- 
enced by the work load, and, kith few exceptions, ere unrelated to the number of 
peoylc employed at h ; k y  Flats. 

The following figures for FY 1977 indicale the levels at which these resources 
are beir.g expended: 104,050 megawatt hours of electricity; 637 million cubic feet of 
natural gas; 101,396 gallons of gasoline (exc1udii.g employees' personal transporta- 
tion); 335.000 gallons of residual fuel oil; 19,353 gallons of diesel fuel; 40.876 g a l -  
lons of propane, and 113.2 million gallons of water. In FY 1977, the sewage treatment 
plant returned 5 6 . 8  million gallons of the water used by Rocky Flats directly back .o 

the environs. The remaining water wds also returned t o  the environs--mostly by 
evaporation. Chemical usage for the Plant is sunuadrized in Table 2.8-1. Fuel systems 
are discussed in Section 2 . 6 . 6 .  

Plant requirements for resources other than uater are expectxi to increase 
modestly in the future, but efforts arc being directed towara utilizing the resources 
as efficiently as possible. Examples of these actions are reduced lighting in vari- 
ous areas of  the Plant, reducing utilities during off-duty hours, conservation o f  
gasoline by reducing bus and mail service, and encouragement of employee carpools. 
Construction is also underway on facilities far a total water-recyrle progtam, ds 

described in Section 5 . 2 ,  and for recovering and recycling nitric acid in the new 
plutonium recovery facility. 

lhe use o f  the land is not considered an irreversible and irretrievable commitk 
ment of resources. Future options for an appropriate renobation program are dis- 
cussed i n  Section 5.4. 

8.2 "POWER RESOURCES 

One consideration in evaluating the irreversible and irretrievible commitments 
of resources is that of the manpower necessary for Plant operation. Although usually 
considered a benefit, the employment required for Plant operation is a commitment of 
area manvower and, therefore, is an irretrievable resource in that man-hours expended 
at Rocky Flats cannot be recovered or used elsewhere. 
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The Rocky Flats Plant directly employed approximately 2,800 people, excluding 
construction workers, during 1977. This crirect employment has declined over recent 
years, from d maximum of 3,750 people in 1972, becaus.? of buc'getary limitations and 
reduced production schedules. Employment projections through 1985 range from 2,600 
to 3,400 people. 
by Congress hiive limited the DOE'S employment estimates at Rocky Flats to the year 
1985. 

Projection of future workloads and funding that will be authorized 

There has been and will be the need for addi:ional facilities that require con- 
struction labor. Historically, an average of 300 construction workers has been 
employed each year, and this requirement is expectcd to continue for several more 
years. 

Because of the proximity of the Rocky Flats Plant to metropolitan Denver, these 
comitments of manpower do nct place a significant burden on the available labor 
pool * 

8.3 FlNANCIAL RESOlJRCES 

Operation of the Rocky Fl,its Plant cadses the expenditure of considerable sums 
of Federal money. In addition. initial consrruction costs of the facilities and the 
periodic modifications to tnem have 31sc caused large financial expenditures. 

The direct opdrating cost of the Plant was about $70 million in FY 1977, which 
includes the payroll plus c-xpenditures for equipment, goods, services, and utilities. 
This opereting C G S ~  varies from year 
limitations. Total construction cost 
approxim.ttely $250 million. The cost 
structed will raise the total figure 

o year, depending on production and budgetary 
for the Rocky Flats Plant from 1951 to date is 
of additional facilities currently being'con- 
o more than $400 million. 

The financial resources that have been committed in the past for construction 
' and operation of the Plant are from Federal funds that support the national defense 
i program. 

would have been committed to an equivalent facility located elsewhere in the United 
States. 

If this funfling had not been committed to the Rocky Flats Plant, it  probably 
I 
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9. ENVIRONMENTAL TRADE-OFF ANALYSIS 

This section analyzes the environmental and economic costs (including potential 
risks) and benefits associaled with (1) operation of the Rocky Flats Plant as it 
exists today ,and ( 2 )  alternatives to current Plant operations as postulated in 
Chapter 5. A complete assessment of tht national defense program is beycnd the scope 
of this Environmental Impact Statement and was not performed. A summary o f  the 
benefits of current Plant operations and of the various alternatives is shown in 
Table 9-1. A summary of the costs and fraction of organ doses to an individual is 
shown in Table 5-1. 

In reviewing Plant activities and various alternatives to current operations, 
costs are considered as rspczditures for construction and for Plant operations and as 
negative social and cnvironmental impacts of Rocky Flats on the area. Benefits refer 
to Rocky Flats contributions LO local dnd national interests and to local expenditures 
(in dollars). Risks are expressed here in terms o f  radiation exposure to individuals 
or to the Denver-area population as a result of normal Plant operations or potential 
Plant accidents. In identifying costs and benefits associated with the Plant, the 
facility has been viewed both from the national viewpoint and lrom th2t of the Denver 
area. 

From the national viewpoint, all public expenditurts, such as those required to 
operate the Plant, :esult in a cost (taxes). These costs achieve *he primary benefit 
of the Plant (national defense). a secondary benefit being the development of tech- 
nology related to the nuclear and energy industries. From the local viewpoint, these 
costs provide employment, provide a mdrket for goods and services, and contribute to 
the State and local tax revenues. 

. 9.1 NO CHANGE IN CURRENT ACTIVlTlES 

The "NO Change" alternative, as described in Section 5.1, constitutes the exis- 
ting Plant operation that creates costs and potential risks whilc providing associated 
benefits on national. state, and local levels. This section discusses the impact on 
cost. benefits, and potential risks o f  continuing, without change, existing operations 
a t  the Rocky Flats Plant. 

9.1.1 Costs 

Operetion of the Rocky Flats Plant involves the direct expenditure of consider- 
able sums of Federal monies. In addition, at the local level, there are external or 
indirect social and economic costs borne by the communities and residents of the 
surrounding area. 

----_ 
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TABU: 9-1 
BENEFITS fRon ALTERNAT'IVES 

Short -Trm 
Other Local Incov to 
Erprndi turcs Region from 

($ =illion)- (S  illi ion) 
troll Opcrationst Action 

14.8 NA" 

Total Dirposablr 
lncoae t o  Dcnvcr 

A1 term tlvc 

1. No Chantc In Currcnt 

2. Capletion of Ehangcs 
Cur rent 1 y Un Jr  way 

A. Plutonium rccovtry 

b. WJsLc trracarnt 
f8cility 

C. Uatrr rrcyclc 
d. Partial r c ~ v r ~  of 

on-site plutonrun- 
COntJ8lnJtcd s o i l  

e. Wind cnrrty t cs i  

ACLIVI t i c s  

facility 

farill Ly 

3. Rrxocatlun 

8 CoDptrtr rrloratron 
b. Partial rrlocaiion 

4 .  Termination of Wrratrons 

b. Corplctr shiitdovn, 
total drComrrs#onin~, 
and p a r t i a l  drron- 
Lamination 

c .  Cmplctr s'tutdown, 
total drrommissiolirnR, 
coaplrtc drcontaminat Ion. 
total drmolition, and 
sitr rcstorat ion 

5. Othrr Polrntial Altrrnativcs 

8 .  Standby 

a. Artaoni rrRardlnR 
p~utoniun-rontJmtnalrd 
sol I 
(1) Rcloval of a l l  

crposrd S O 1 1  dhawr 
S t a t r  Ruldrl rnr 

(2) S o i l  rrmoval of  
a l l  roil nhovr 
500 dlmla and 
ylovin~ rcmainlnp 
s o i l  abovr S t a t r  
&uidrlincs 

(3J Rcroval or  a11 
soil ibovc 

no plowing 
( 4 )  Soil contarnrcnt 

(plwina) o f  a11 
land above S t a t r  
tuidcl inr 

buricd waste 

elm/#  and 

(5) Rrroval of  

b. Structural intrgrity 
of buildinas 

C. Additional land 
acquritaon 

d. Terminatton o f  
plutonium air 
ahipcntr 

e. Swtacc uatcr 
control 

2800 6500 100 

?ZOO 

7200 
7200 

110 

I IO 
110 

14.8 95 
(inrtuJr4 i n  plutonium 

14.6 rcrovrry facility) 
16.6 3.1 

2800 

2800 

6500 

6500 

IO0 

I O 0  

14.8 

14.8 

0.15 

0 
1096 

0 
2404 

0 
40 

0 005 
b.8 275 

1400 1220 50 3.4 17.R 

0 0 0 0 J il 

0 0 0 0 526 

1.71 2830 6555 14.11 I noo 

121 1C.R 11.17 2850 6555 

2R50 bS55 121 1c.n t 

2800 

1800 

2800 

2800 

6500 

6500 

6500 

6500 

100 

100 

I 0 0  

100 

10.8 

10.8 

lk.8 

14.8 

0.275 

26 

0 

42 

2600 

2600 

6500 

6500 

100 

100 

14.8 

1b.6 

~ ~ l i g i b l r  

2.5 

* Hot applicable 
+L Includca 300 construction uortcrs 
t Kxcludcs cxpmditurca rchted LO implmrntation of the aItrmaL~ve actioos. 

9-2 



The cost of operating the Rocky Flats Plant is nearly $70 million yearly, .in- 
cluding the payroll and direct expenditures for goods, services, and utilities. 
Additional expenditures are made periodically for new and replacement facilities 
required to provide safe and efficient operations. 
rently constructed or planned are discussed in Chapter 5. 

Several of the additions cur- 

Plant operation does 
associated with such requ 
employees and their famil 
and their families to the 
widely distributed, howev 

affect nearby communities. 
rements as housing, schools, and municipal services for 
es. The population contribution of Rocky Flats employees 
Denver area is appioximately 7,900. This population is 
r, throughout various population centers in the area, and 

Host of these effects are 

no significant impacts are placed on any one populatiori center. In addition, the 
population in the metropolitan area has been growing rapidly in recerrt yesrs. Con- 
tinued operation of the Plant will not impose any significant. new requirements for 
area schools, housing, or hunicipal services since adjustments have already occurred 
to accommodate families of Rocky Flats employees. Over the life of the Plant, the 
number of enplojees has varied. 
employces during 1977 and 3GO construction workers. 
at 3,750 empiwees, and the decline in recent years has further mitigated community 
demands attributable to Plant employees and their families. 

The Plant employed approximately 2,800 full-time 
Peak employment occurred in 1972 

9.1.2 Benefit-, 

The primary benefits associated with existing Plant operatioq are of a national 
defense, technological, social, and economic nature. On a national level, the princi- 
pal benefit is Rocky Flats' contribution to national defense. Portions of the Plant, 
particularly those involved in fabricating plutonium parts for nuclear weapons, contain 
very specilized capabilities. The scientific capabilities and the knowledge gained 
through pursuit of the Plant's mission are shared with others, thus enhancing the 
technology of this nation and much of the world. The only restriction on sharing 
Information is that dissemination not be detrimental to this country's national 
interest. Scientific information, technical knowledge, and advice are provided to 
individuals, businesses, snd governmental organizations throughout the United States 
and the world on a variety of subjects. 
lurgy, machining, nondestructive testing, safety, fire prevention, and health physics. 
This information and knowledge relate to such programs as plutonium recycling, radio- 
active waste management, nuclear materials safeguards, laser fusion, and wind energy. 

Among these subjects are chemistry, metal- 

The wind energy test facility or Smal; Wind Energy Conversion Systems (SWECS) 
project, is aimed at evaluating the operational characteristics of low power (one to 
one hundred kilowatts), commercially available, wind turbine generators. The goal is 
to promote wind power for agricultural and rural use. The information collected and 
the program conclusions will be disseminated among potential rural residential and 

9-3 



I 

i 

agricultural users and to manufacturers of small wind-generating systems. It is 
difficult to plzce a monetary value on the scientific act.revements and knowledge 
attributable to the Rocky Flats Plant. 

Local benefits include direct employment of operating personnel and construction 
workers, induced employmefit to serve the needs of employees and their families, 
economic effects of increased disposable income in the region, and direct expendi- 
tures for zoods and services necessary for Plant operations. Additional benefits are 
derived from emplloyee participation in community activities such as government, 
education, charitable programs, youth programs, church, and community-improvement 
organiza t ior s . 

Another benefit on the local level is the $80,000 provided to the Colorado 
Department of Health for the purchase of laboratory analytical and environmental 
monitoring equipment. An additional $5O.d00 a year for three years will also go to 
the Colorado Department o f  Hedlth as support for their monitoring program. 

As discussed in Chapter 3 ,  Rocky Flats directly employed approximately 2,800 
people durin,: 1977, which i:, turn induced an estimated 6,500 mure jobs in surrounding 
communities. This induced employment develops mainly in service-oriented occupations 
such as retail gb-ds dnd services, professional services, transportation, and recrea- 
tional activities. Since the Rocky Fla s Plant is cne of the largest industrial 
employers in the Denver nrca, it  has been and will continue to be important to the 
continued economic, social, and cultural growth of the area. 

The PlanL generates an annual payroll in,excess of $40 million, which, after 
taxes and deductions, is spent throughout the region by employees and their families. 
This dispos.rble income. as described in Section 3.4.3. amounts to over $30 million 
annually for those directly employed at the Rocky Flats Plant plus an additional 
$70 million for induced employment in the area. When compared with the disposable 
income of $5 .8  billion for the Denver metropolitan area, the $100 million disposable 
income associated with the operation of Rocky Flats is about 2% of the total. 

Plant employees also pay approsimatelv $2 million annually in property taxes and 
$600,800 in state and local sales taxes. In addition, the Federal governnent pays 
the local school districts an estimated $800,000 annually as Federal impact funds. 
Other input into the area economy involves Plant operations that require spending 
$28 million each year for the purchase of materials and services plus $5 million for 
utilities and other costs. Approximately 29% of the purchases for materials and 
services are within Colorado, primarily in the Denver area. All utilities, including 
electricity, water, and fuels are purchased locally. Therefore a total of $13.7 mil- 
lion are  contributed locally for materials, services, utilities and Federal impact 
funds. 
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9 . 1 . 3  itisks 

The total impact on persons living within 50 hiles of the Rocky FlaL, Plant is 
the sum of impacts from emissions from routine, normal operations (Table 3.1.2-3) 
and from risk o f  emissions from on-site accidents (Table 3.2.4-1). lhere is a lso  an 
impact on persons who live on soil contaminated by past releases (Table 3.2.4-9). 
This impact is limited to the area immediately east of the Plant (see Figure 2.3.9-1). 
I f  the Plant were to continue existing operations, with no changes, over a 70-year 
period, the sum of the 70-year dose and the 70-year risk dose would be 1/57uO or less 
of background dose for the total body, 1/78 or less for the liver, 1/39 or less for 
the bone and 1/170 or less for the lungs (Table 3.1.2-6). 

For persons downwind from the Plant during the occurrence of an accidental 
release, the impact may be somewhat greater than for routine, chronic releascs. The 
impacts of postulated maximum credible accidents are summarized in ?able 3.2.4-2 in 
terms of the 70-year dose commitment as a function of downwind distance dnd in Table 
3.2.4-7 in terms of the risk of cancer mortality and genetic defects over 70 years to 
the maximum individual. For a release from an aircraft impact, the maximum of the 
postulated maximum credible accidents, the 70-year bone Jose commitment i s  58 times 
the 70-year background bone dose for the maximum individual, a value which decreases 
to one-half the background dose for a person 40 miles downwind. The corresponding 
values for other 0rgar.s are less than these values for the bone. If no protective 
actions are taken following the accident, the r i s k  of cancer mortality plus genetic 
defects over 70 years for the maximum individual is about 1/3 of the risk of death 
from common accidents over 70 years (Table 3.2.4-8) and about 1/300 of common accident 
risk for a person LO miles downwind. The impact of the other types of postulated 
maximum credible accidents is even less than that summarized here for the aircraft 
impact, an accident which might occur about once in 7.7 million years. 

9 . 2  COMPLETION OF CHANGES CURRENTLY UNDERWAY 

Several changes to existing Plant systems and operations are currently being 
implemented. 
recovery, ( 2 )  construction of a nev facility for treating liquid process waste, 
( 3 )  total recycle of the Plant’s water, and (4) partial removal o i  on-site, plutonium- 
contaminated soil. Frequently the plutonium recovery and waste treatment facilities 
are considered as a single project. In the folicu’ng sections, each of the four 
plans is discussed in terms of its impacz on costs, benefits, and potential risks. 

These include (1) the construction o f  a new facility for plutonium 

9.2.1 Impact on Costs 

Considering the new plutonium recovery facility and the new waste treatment 
facility as one undertaking, costs o f  the projects are as follows: 

\ 
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and ( 2 )  - New plutonium recovery and waste treatment facilities - 
$190 million. 
Water recycling - $3.1 million. 
Renoval o f  about 43,000 sq ft of on-site, plutonium-contaminated 
soil - $470,000.  

These funds will be expended over a period o f  several years. The projects are 
not expected to cause any significant change in the costs to local communities because 
of Plan* employe2s and their families, or to the Federal funding requirement of about 
$70 million annually for Plant operation. 

9.2.2 Impact on Benefits 

The primary, national benefit, whirh is Rocky flats' contribution to national 
defense, will not be altered by any of the projects. Local benefits -f increased 
expenditures and of increases in direct m d  induced employment will be affected, 
however. New construction resulting from these improvements requires more !abor. 
increased payroll, a:,d additional inuuccd employment and revenws above that for 
normal Plant operations. Since 1971, contrrctors have empl-Jed an average of 3G0 con- 
structian workers on site for various projects, and these workers arc considered full- 
time resideqts of the area. Direct a f t e r - c a s  rwc'.iues to the are& fro,.\ this construc- 
tion-relatcd employment is approximately $ 3 . 2  million. Induced employment provides 
about 690 j o b s  atld $7.5 million in revenued to the area. For the new plutonium 
recovery and waste treatment project, millions of additional dollars arc spent. much 
of this locally, for special piutonium processing equipnicnt. 

In general, these Plant projects will have little impact on local expenditures 
for utilities and supplies. The new facilities should be somewhat morc efficient; 
thus, some savings may bt realized. The total water-recycle system, for e s m p l e .  

although using more energy than current water-treatment opetations. will reduce water 
consumption by an average of over 6 million gallons pet- month. While this savings in 
consumption means a benefit of more water being avai'sble to the region, it -:so 

' means a reduction in IocaI revenues of approximately $30,000 an:.ually, based on the 
I present cost o f  purchasing water for P!ant use. This amount will '*e partially offset 
i 
1 by the cost of  energy required to recycle the water. 

9.2.3 Impact on Risks 

Of the projects currently underway, three will result either in a reduction in 
the dose resulting from normal Plant operation, or in a reduction in the accident 
risk to the population. 
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The new plutonium recovery facility is not expected to change either the amount 
of emissions irom rautinc operations or accident probabilities. 
is no change in organ doses or risk of accidents. 

As a result, there 

The process waste treatment facility, being built in conjunction with the Pluto- 
nium recovery facility, reduces the risk of accidental waterborne release by impounG- 
menc failure o f  solar evaporation ponds. 
to drop to near zero. Only that portion of the population drinking water supplied by 
Great Western Reservoir will De affected. Lung risk dose will shew little change. 
Risk doses for total body. liver, and bone will decrease to 74%.  46%. and 47% of the 
current risk doses, respectively (Table 3 . 2 . $ - 1 ) .  

The probatilily of these releases is expected 

Total recycle of the Plant's water will be accomplished primarily by construction 
of the process waste treztment facility, discussed above, and the sanitary-water 
recycle project. The latter will provi!s facilities for the total recycle of all 
sanitary effluent and cooling tower blowdwm water. The impact o f  this change to 
Great Western Reservoir canriot be exactly predicted because of the additional impact 
on surface runoff. The organ doses from normal operation following implementation 
could vary from no decrease to a value of :6% of that received by the poFJlatioa at 
the present (see Table 5-1). 

Removal of the on-site contaminated soil that is presently underway vi11 result 
in a reduction in organ dose of 7% or less. 

9 . 3  RELOCATION 

The complete relocaticn alternative. as postulated in Section 5 . 3 . 1 ,  includes 
transferring all operations from the existing Rocky Flats ?lant location to a new 
site or sites, total deu.olition and decontamination of all on-site facilities and 
contaminated land areas, and restoration of the site to near natural conditicns by 
deep-plowiag and revegetation. 

The ptrtial relocation alternative proposed in Section 5 . 3 . 2  includes transfer- 
ring to aaothei- site all operations that invoive processing and Landiing radioactive 
materials and the decontamination of the Rocky Flats Plant and 
functions Cor processing nonradioactive materials would remain 

site. Only those 
at the Plant. 

9 .3 .1  Impact on Costs 

Total escalated cost of the coffiplete relocation alternative would be approxi- 
mately $2 .2  billion by 1988. the assumed date for completing the project. This cast 
would have to come from Federal monies, with about $405 million incurred at the 

. 
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existing site and the remaining $1.8 billion incurred for new facilities at a new 
site or sites. 
Flats employees and their families would be eliminated. 
costs amounting to $70 million per year for Rocky Flats would be transferred to the 
new site or sites. Costs for the partial relocation alternative include the expendi- 
ture of approximately $275 million for existing site decontamination and $1.7 billion 
for new facilities at the new site for a total escalated cost of about $ 2  billion 
dollars. Additional costs would be incurred because o f  both facilities operating 
simultaneously during tranFi tion of the opGrat ion. 

When relocation actions are complete, local community costs for Rocky 
Payroll and other operating 

9 . 3 . 2  _Impact on Benefits 

National benefits would not be altered by complete relocation of Plant opera- 
tions, a s  national defense functions current ly performed at Rocky Flats would ccn- 
tiniie at the new site. At the local level, however. complete relocation of all Plant 
operatfons would eliminate all social and economic benefits currently attributable to 
the Plact. 
duced emp1oymer:t of approsimately 6 ,500  people, and direct m d  induced annual dispos- 
able income of approximately $100 million. A large portion o f  the direct ana induced 
annual tax revenue of $33 million would be lost  at the ;oca1 level as would the 
spending locally of approximately $5 million p - -  year for utilities dnd services. 
addition, the purchase of supplies and materials at a cost of about $28 million 
($9 million locally) would cease. 

ties, services, and materials because of decreased consumption would provide some 
benefit to the local area. 

This includes the direct employment of approsimately 2,800 people, in- 

In 

The increased local availability of these utili- 

Relocation of only those Plant activities involving radioactivity would reduce 
the direct Plant employment to approsimtely 1.000 and the induced employment to 
2 , 4 0 0 .  The direct and induced annual disposable income due to the Plant would be 
reduced to $40 million and local expenditures €or supplics and utilities would be 

reduced to $6.8 million. 

I 
I Short-term benefits of relocation foi the local area would result from the 

expenditure o f  approximately $405 million for complete relocation, Plant demolition, 
and site restoration or $275 million for partial relocation. The expenditure for 
either alternative would occur over a period of approximately 10 to 12 years; thus, 
the impact on local benefits would also be spread over this period. 
would increase local socioeconomic benefits; horsever, the total escalated costs of 
complete or partial ralocation would not cause a proportional increase in benefits 

The expenditure 

because of  the effects of inflation and other non-beneficial factors. Benefits to 
the national defense wcauld not be altered by partial relocation, nor would there be a 
change in knowledge gained from Plant operations; however, some transfer of manpower 
resources to another area would occur. Annual operating expenses would be reduced 



for the remaining Plant; consequently, social and economic benefits would decrease in 
proportion to a total direct and induced regional revenue reduction of approximately 
$70 million. A reduction in the consumption of natural resources would provide some 
benetit to the area. Overall net benefits would be reduced, however, because of 
increased transportation requirements and the loss of economies that would occur with 
decentralized operations. Some economic benefits might be experienced at the new 
site, but these cannot be evaluated without an assessment of the particular site 
selected. Short-term benefits for the Denver area would occur from the expenditure 
of approximately $27 million required to decontaminate the existing Plant site. 

9.3.3 Impact on Risks 

Complete relocation of the facilities would have little net risk reduction for 
the environment on a nation-wide basis since the new site also would be subject to 
potential risks from the operation. The accident risk potential would be eliminated 
for the Denver area, and a reduction Sn dose from normal emissions and soil contamina- 
tion would occur. The organ dose to the persons in the vicinity of the Rocky Flats 
Plant would be reduced to 5% or less o f  the dose to any of the organs from present 
normal operations. This can be put in perspective by noting that normal operational 
releases give a dose to an individual in the population of about 2% or less of 
riaturai organ background for ithe worst case organ (see Tables 3.1.2-5 and 3.1.2-6). 
The accident risk dose would be eliminated. 

Partial relocation would eliminate all Plant radioactive emissions, postulated 
Plant accidents, and potentia! exposure of people in the Plant area to radioactivity 
above background levels. Dose risk reduction to the population surrounding the Rocky 
Flats Plant, would be equivalent to the complete relocation alternative described 
above. The net benefit would be small, however, as some dose vould result from 
operations at the new site, although at a reduced level. The impact of risk described 

- above assumes no risk to the public due to resuspension or accidental releases during 
decommission, decontamination, or reconstruction at the Plant site. The overall dose 
savings would probably be slightly less. The risk involved is left to the analysis of 
a specific detailed proposal to implemcnt any of the alternatives descrrbed and 
cannot be qualified without detailed information on particular sites. 

9.4 TERMINATION OF OPERATIONS 

Termination of Plant operations is not consistent with current national defense 
policies since the Rocky Flats Plant contains very specilized capabilities. 
analysis of various, postulated modes of termination have been conducted, however, 
to provide a complete assessment of the Plant and alternatives. As presented in 
Section 5.4 ,  the rerminatio.1 alrernatives consist of (1) Standby; (2)  Complete 

An 
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Shutdown. Total Decommissioning, 
Shutdown, Total Decommissioning, 
Site Restorarion. 

9.4.1 Impact on Costs 

I 

,/ 

and Partial Decontamination; m d  (3) Complete 
Complete Decontamina:ion, Tottl Demolition, and 

Short-term costs for the various ter-ination modes vary from $17.8 million for 
the standby mode to $526 million for the complete shutdown a,*-i site restoration modt-. 
Annual operating costs of $28 million would still b. incurred for the standby mode. 
while for complete shutdown, all operating costs would be eliminated. In addition, 
all future costs for Plant modifications would be eliminated by all three termination 
alternatives. Costs to local communities for employees and their families would be 
reduced by approximately 50% for the standby mode, while all such costs would be 
eliminated by complete shutdown. Unemployment ccsts could be incurred, however, to 
cope with the reduction in direct and indirect employment. If the standby mode were 
implemented at Rocky F l a t s ,  the number of people potentially without work could be as 
many as 4,600 (1,600 Plant employees and 3,200 in secondary jobs). Should a total 
shutdown occur, 9,300 people could be without work (2,800 Plant jobs and 6,500 induced 
jobs 1. 

9.4.2 Impact on Benefits 

In all termination modes, benefits associated with Plant operations would be 
partially or completely lost. 
work force would be released, with a resultant after-tax revenue loss of $15 million 
to the region. Benefits from induced employment and income would also be reduced by 
approximately 3,22G jobs and $35 million, respectively. Local expenditures for goods 
and services would be reduced to $900,000 from the current $8.7 million, and utility 
expenses would drop to approximately $2.5 million. This expenditure over a period of 
several years, plus the local labor and materials that would be required, would 
produce some short-term benefits in increased direc: and induced revenues for the 
region. 

In the standby mode approximately half of the permanent 

Complete shutdown, decommissioning, and partial decontamination, as described in 
Section 5.4.2, would result in total loss of all benefits. Direct and induced employ- 
ment, totalling approximately 9,300 jobs and a disposable income of $100 million 
aanually, would cease. 
services, utilities, and Federal impact payments would also cease. Total decommis- 
sioning o f  the Plant, and decontamination of certain site areas followed by deep- 
plowing and revegetation, would require the expenditure of approximately $332 million 
over a period of several years. This would provide some short-term economic benefit, 
as would the cessation of the consumption of a!l natiiral resources by the Fiant. 

Regional expenditures of $13.7 million annually for goods, 
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Complete shutdown and decommissioning, followed by complete decontamination, 
total demolition of all Plant structures, and restoration of the site to .ear natural 
conditions also woxld eliminate all long-term benefits to the same extent as the 
complete shutdQwn, partial decontamination alternative just de-cribed. Short-term 
benefits would result from the expenditure of $526 million required to accomplish the 
shutdown and site restorc:ion work. Benefits from the elimination of Plant consump- 
tion of natural resources would also apply. 

9.4.3 Impact on Risks 

Each of the termination alternatives would reduce potential exposure risk for 
the population surrounding tht Plant. The standby mode would reduce elnissions from 
buildings and reduce risks of accidents. It would not, however, affect existing 
plutonium concentrations in soil and plutonium and alpha activity emitted annually to 
the air from this source. In tsrms of chronic dose, the standby mode would result in 
organ doses of  94% to 99% of the present level. Some accident risk dose would be 
expected . 

Complete shutdown, d-commissioning, and partial decontamination would result in 
a cessation of all Plant missions and the elimination of postulated accidents and 
most on-site soil contamination. These actions would also result in a reduction of 
the organ dose €or all portions of the population surrounding the Plant to 5% or less 
of the dose received from normal operations. Reduced risks f r o m  decommissioning, 
complete decontamination. demolition, and site restoration would be equivalent to 
that achieved by complete shutdown, decommissioning, and partial decontamination. 

9.5 OTHER ALTERNATIV'ES 

I , 

Other possible alternatives exist that would influence Plant operations and 
Plant impact on the environment. Among these alternatives are several that already 
havetbeen considered to varying extents. 
contgminated s o i l ,  ( 2 )  improvements to the structural integrity of Plant buildings, 
( 3 )  enlargement of the buffer zone surrounding the Plant, and (41 construction of 
reservoirs to collect and hold any surface runoff that may be considered hazardous to 
the environment, 

These are ( 1 )  actions regarding plutonium- 

9.5.1 Impact on Costs 

/ With respect to possible actions concerning plutonium in soil, several alterna- 

(1) 
tives exist. These include (Section 5.5.1): 

Removal of all soil co.itaining plutonium in excess of 2 d/m/g, including 
on-site and off-site lands, the asphalt pad and the soil under it, and the 
sediments in the ponds - $1.500 million. 



Removal of a l l  soil containing plutonium in excess of 500 d/m/g, including 
the <tsph.ilt pad and the soil under it. and the sediwents in the ponds, and 
deep-ploGing .ind n-st~ring all lands, on sice and o f f  site, containing 
plutonium ~n cscess of 2 d/m/g - $ 7 2 . 4  million. 
Henitn.,it of . i l l  soil cont.iininq plutonium in excess of 500 d/n/g, including 
the .tsph,ilt pat1 and the soil under it. and the sediments in the ponds, but 
no .tct ia>n for lands tont.iining plutonium in concentrations less than 500 
d/ni/g - S72.J million. 
1)t-cap plor*inC: inti rrstordt ion of a l l  esposed land containing plutonium in 
e s t ~ s s  c ) I  2 tl/m/g - $0.12  mi 1 1  ion. 

An anttybis ol t h c b  stru~tur.iI adequacy of Plant buildings is in progress but has 
n o t  yet b:im c w i i p l v t t d ;  thc*rt*fr,rc*. it cost analysis cannot be made at this time. 

By .~ariu.iry 1975. t h t .  c>rigin,ii Plant boundary was extended to  increase the buffer 
mnt. .rrouwl tht. lJl.tnt I)\: ,ttwut 4,000 x r e s .  Further increase t o  the size of the 
hiif f<.r  ZCIIIC- 1))- ~~ttt-t*Ii~t~in~ .irtiii t ion.il I.ind cont.iining plutoniuni levels above the State 
guitlt*l inv lit 2 t l , ~ i ~ / g  k ~ u l d  involve. .tOout 1.000 a c r e s  based upon recent measurements. 
Th.* c x w t  f e r  t h . i t  .ic.rt..igc. would tw about $5 million. 

The stirf.ic*<.-w.itt*r C.ontrr)l projcct was bcgun in the first quarter o f  FY 1978 and 
is t n  IJC t - o n i p l t - t t 4  i n  the third qu'irtcr of F? 1979. I t  has dn estimated cost of 
$ 2 . 8  mill ion. T w  s y s t e m  k*ouId consist of earthen impoundment dams and canals to 
colle..t . i t  I wrf.tcc* runciff w.itrr origin.it in:: in or flowing through the area where all 
PInnt h i  Itlings .trc ICJc'.ttCtf. 

9 . 5 . 2  Inipac. t cin Rtanc. f i t s 

Xtmov,tl c b l  ,ii 1 soil  containing plutonium i n  excess of 2 d/m/g requires expendi- 
tures ccimpJr,ibIc* t o  those of relo~at ing the Plant. The latter cost included peep- 
ylocring I<argt- .trt*.as. rathrr t h m  soil removal, a more costly technique. Xemoval of 
500 J/m/g m i  I ,  contbincd with decp-plowing above 2 d/m/g can be accomplished at 4% o f  
the cost  of total soil rcwovaI. with a reduction o f  1/2 of the comparable lung dose. 
The irrrcwwntdl cwst (less than 12 olf the cost of removal of 500 d/m/g soil) provides 
approximattely rciu.11 reduct ions in lung dose. Some economi ' benefits will result from 
lord1 c.spvnditurt.s for I.3bOr and nii-itcrial associated with soil removal and deep- 
plowing. Dt*cq.'-ploving a11 soil above 2 d/m/g is the more cost effxtive approact. 
This aIterndtive. d s  presented. does not include restoration of the pad ;ired and the 
pond sediments, for whic.h no doFc redurt ions are achieved. 

The proposed rcservoi rs for surface water would involve spending appioximately 
$2.8 million over a two-year period. Most of this would be for labor and materials 
from local sources. Benefits from the. employment and expenditures would be attribu- 
table to this alternative. 
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9.5.3 Impact on Risks 

c 

-- 

Reduced risks from decontaminating soil in the Rocky Flats area to either 
500 d/m/g or 2 d/m/g, as discussed previously, would involve the removal or covering 
of soil which is contributing airborne plutonium. 
organ dose to between 13% and 87% of the organ dose received by various segments o f  
the surrounding population under normal operating conditions. Subsurface soil con- 
taining radioactive material because of on-site burials do not reslrlt in any exposure 
to the public. It is recognized that plutonium contamination is long-lived, and 
decontaqination could prevent dispersal of plutonium ever a long period. 
to date indicates no translocation has occurred and n- health or safety hazard to the 
employees of Rocky Flats or to the public exists from these burial areas. 

This would mean a reduction in the 

All evidence 

. 

With regards to the structural adequacy of Plant buildings, an analysis 
being conducted will establish actual structural capability for the Plant bu 
This material will be presented in the Safety Analysis Reports. 

I f  all land suspected of having radioactivity above the Statc guideline 
purchased, arid if the development of that land were prohibited, a reduction 

currently 
ldings. 

were 
n the 

dose to the hypothetical people in the area above this concentration would be calcu- 
lated (Table 3 . 2 . 4 - 9 ) .  In reality, no residences exist on land containing plutonium 
concentrations above the State guideline, and construction and lands-aping on the 
land would be expected to reduce existing plutonium concentrations to background 
levels. 

The proposed';urface-water control project, to cost approximately $2.8 million, 
would collect and store all storm surface-water runoff or accidentally released water 
within the security-fenced area o f  the Plant. The water collected then could be 
analyzed before being released downstream. The project would reduce the risk of 
radioactive and nonradioactive contaminants being redistributed as the result of a 
heavy storm. This undertaking would also serve to reduce the threat of excessive 
erosion of downstream channels and of Great Western Reservoir and Standley Lake 
flooding should the 100-year, maximum-postulated storm occur. The probability of 
accidental waterborne releases (e.g., impoundment failure) goes to nearly zero in 
this case. 
Reservoir would be 46% to 74% of the present level except for the lung risk dose 
which would be 99% of the present level. Doses from normal operational release, 
however, would not change. 

The organ risk dose for persons drinking water supplied from Great Western 
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A 

A-Series Ponds, (See Ponds, A-Series) 
Access Control Office, 2-250 
Accident 

Aircraft, 3-46, 69171, 91; 9-5 
Criticality. 3-46, 63, 65.69, 76; 9-5 
Fire, 3-46, 63, 65+69, 16; 9-5 
Maximum Credible, 2-239 ; 3-46.47, 

Prevention, 4-9.10 
Transportation, 3-95.100 

82*83, 90, lOO+lOl 

Accountability System, 2-255.258 
Acidic Waste (see Waste, Acidic) 
Adams County, 2-6, 238; 3-105; 7-1 
Administrative Controls, 3-49.50, 54; 

Advanced Size Reduction Facility, 2-134 
AEC (Atomic Energy Commission), 2-2 
Aerial Radiological Survey, 2-231 
Aesthetics, 3-105 
Agriculture, 2-12; 6-2; 7-1 
4i r 

4-8, 10 

Honitoring, 2-101, 2021203; 3-32.33; 

Pollution, 3-13; 4-5 
Sampling, Emergency, 2-238 
Sampling Stations, 2-116, 205.207, 

Space, Restricted, 3-70+71 
Supply, 2-160, 184 

5-19 

230; 3-106 

Airport, 2-11 
A W  (As Low As Practicable), 2-111, 

165. 167. 170. 173: 4-9: 5-4 
Alarms, 2-io1, i66,-io3, 247, 248; 

3-54+56 
Albuquerque Operations Office 

(ALO), 2-260 
Algae, 2-96; 3-27 
Alpha 

Activity, 2-89, 170, 193, 204, 207, 
213, 224; 5-4, 11 

Particle Spectrometry, 2-203, ?26 
Radiation, 2-105; 3-32 

Alternatives, 5-112; 9-1.2. 11 
Alluvial Deposits , 2-21, 25*31, 45, 

51+52. 55, 199 
Ambient Air 

Monitoring, 2-203, 205 
Uonitoring by Other Agencies, 2-207 
Samplers, 2-206.210 

Ambulance Service, 2-235 
American Conference of Governmental 

Industria1 Hygierdsts (ACCIH), 2-110 
American Society of Mechanical Engineers 

Americium 
(ASME), 2-147 

Activity Ratio, 2-170; 3-30, 66 
in Air, 2-204; 3-29+30, 33 
in Cattle Study, 2-229 
in Soil, 2-54, 76, 92; 5-12 
In Water, 2-55, 89, 92, 173, 198, 200,  

223e224; 3-31.32, 51.52 
Recovery, 2-113.114; 5-4 
Shipment, 2-148 

INDEX 

Animals, burrowing, 2-228; 5-16 
Aquatic Systems, 2-96, 226; 3-25 
Aqueous Waste (see Waste, Aqueous) 
Aquifer, 2-53 
Arapahoe City, 2-10 
Archaeological Sites, 2-10 
Area of Concern. 2-77: 7-4 
Argon, 2-138 
ARnS (Aerial Radiological Measuring - - 

System), 2-231 
Arvada, 2-6, 13, 223; 3-102+103;, 7 - 1 4  
Asphalt Pod. 2-73, 75; 3-31; 5-7, 11117 
Atmosphere, Inert. 2-101+102, 137, 138, 

160, 162 
Atmospheric 

Release Advisory Capability 
(ARAC). 2-236 
Stability (see Pasquill Stability 
Classes) 

ATFIX (Atomic Munitions Explosive) Rail 
Transport Car, 2-151, 184.185; 3-94 

Atomic 
Absorption Spectrometry. 2-203 
Energy Commission (see AEC)  

Aurora, 2-6, 13; 3-103 

B 

B-Series Ponds (see Ponds, B-Series) 
Background 
Radiation. 2-72: 3-28. 39.40: 9-9 
Concentrations, -2-92, .198; 3131 

Barriers (see Physical Barriers) 
Battelle-Pacific Northwest Laboratories, 

BEIR Report, 3-43 
Benefits 

3-26, 33, 44 

Economic, 3-104.105; 9-1 
Environmental, 5-5+6, 8.12 
From Alternatives, 9-2 
From completing changes to existing 

Plant systems, 9-6 
From existing Plant operation, 9-3 
From relocation of Plant, 9-8 
From termination of Plant opera- 

Socioeconomic, 3-102; 9-3, 8 
Technical, 3-10, 6+107 ; 9-3 

tions, 9-10 

Bergen Park, 2-25 
Berylliosis, 2-107 
Beryl 1 i um 
Air, 2-186, 203; 3-23, 95.96; 4-7 
Effects, 2-107+109 
Fabrication, 2-106.107 
Facilities, 5-9 

Protective Measures, 2-108; 3-96 
Shipment, 2-148.149, 184; 3-95 
TLV of, 2-108 
Water in, 2-173 

5-5 

wcA for, 3-47 

Billets, 2-107 
Biochemical Oxygen Demand (BOD), 2-132; 

Biological 0xyge.n Demand (BOD), 2-214 
Biocides, 2-186187 



INDEX 

Birds. 2-95 , 

Blowdown Water (see Cooling Tower 

Blume Report, 2-44.45; 3-73 
Body Counting, 2-106 
Boiler Feed Water, 2-182 
Boilers, 2-137, 146*147; 3-7, 23; 4-10 
Bomb Technician Teams, 2-251 
Bone Dose (see Dose, Bone) 
Book Inventory, 2-236 
Boulder 

Blowdown ) 

Area Population, 3-102+103 
City and County Health Department, 

County, 2-238; 3-105; 7-1, 3 
Creek, 3-32 
Geology, 2-36 
Hernorial Hospital, 2-11 
Valley Comprehensive Land Use 

Plan, 7-3 
Water, 2-223 

Brighton, 2-229 
Broom f i e 1 d 
Area Population, 3-103 
Land Use. 7-1-.3 
Location, 2 - 4  
Water. 2-47, 190. 211, 224; 3-6, 9, 

Buffer Zone. 2-3, 5, 33, 94, 97; 3-9; 

Building Superintendents, 2-233 

2-201; 3-107 

31. 51, 52; 5-6 

4-3; 5-18, 20; 6-1; 9-12 

C 

C-Series Ponds (see Ponds, C-Series) 
Calcium Silicate, 2-176 
Camp George Upst. 2-241 
Canal. 4-8 
Cancer, 3-44, 51. 90.91, 100+101; 9-5 
Canyons, 2-114; 3-58 
Carbon Mor.oxidc, 3-95 
Carbon Tetrachloride, 2- 104, 106, 186; 

3-23 
Cargo Carriers, 2-184 
Carnivores, 2-95 
Car Pools, 4-5; 8-1 
Cattle 
Fence, 2-5, 2-97 
Study. EPA Rocky Flats, 2-228+229 

Certification Courses, 2-123 
Cesium. 2-213, 220 
Chemical Waste (see Waste, Chemical) 
Chemicals, 2-185: 3-9. 4-10 
Chemist r v  
RhD CrAup, 2-117 
Standards Group, 2-120 

Cherry Creek, 3-32 
Church Ditch, 2-9, 47.50 
Citizens Monitoring Committee (see 

Civil Defense, 2-235, 240, 243 
Classified 

Clay Pits, 2-31, 45; 5-20 

Rocky Flats Monitoring Committee) 

Exclusion and Limited Areas, 2-247 
Information, 2-248+249 

Clean 

Clear Creek, 2-25, 50; 3-32 
Climatology, 2-57+67. 209 
Clothing, Protective, 2-102, 108, 128 
Coa 1 

A i r  Ac:, 3-3, 95 
L'a:er Act, 3-3 

Creek, 2-34, 47.50 
Fired Power Plant, 3-7; 5-3 
Wines, 2-45 

Coatings, 2-116 
Colorado 
Air Pollution Control Act, 2-104 
Committee for Environmental Infor- 
mation (CCEI), 2-72.73 

Department of Health (CDH), 2-78, 81, 
92, 99, 201, 203. 207, 224, 238; 

Department of Natural Resources, 2-10 
Disaster Emergency nct of 1973, 2-238 
Division of Commerce and Develop- 

Division of Disaster Emergency 

General Ilospital, 2-124 
Interstate Cas Co., 2-133 
Law Enforcement Emergency Radio 
System (CI-EER), 2-240 

Radiological Emergency Response 
Plan, 2-238 

School of Mines, 2-10, 14, 40 
State Archeologist, 2-10 
State Department of Agriculture, 2-187 
State University (CSU), 2-10, 14, 82. 

State University Studies, 2-226+228 
University (CU), 2-229; 3-26 
Water Conservation Board, 2-201 

Combustible Material, 3-57 
Combustion Products, 2-135+136, 186 
Community Activities, 3-107 
Computer Code, 3-33. 66 
Conservation 

3-3. 14, 44, 107; 5-14. 19; 7-4; 9-4 

ment, 3-8 

Services, 2-238 

125, 205, 226, 228. 230; 3-26 

Energy (see Energy Conservation) 
Water (see Water Conservation) 

Cons truc t ion 
Cost. 8-2 
Workers, 2-3; 3-102; 8-2; 9-3, 6 

Container, Shipping (see also Packaging) 
Type A, 2-152+153 
Type B, 2-152.153. 156.157 

Contaminant, 3-2.3, 23, 27 
Contamination I 2- 156, 235+ 236 
Control Systems Development Group, 2-117 
Con*.eyor, 2-114; 3-55 
Cooling 
Tower, 2-141-.144, 174, 186; 3-4, 13; 

Tower Blowdown, 2-82, 96, 139, 144, 

Tower Water System, 2-144, 182 
Tower Water Treatment, 2-186; 5-5 

Corrosion, 2-166-.167 
Cost, Operating, 8-2, 9-1, 3, 8, 10 
Cost-Benefit Analysis, 9-1 

4-4. 8; 5-5 

174, 182, 187, 212; 3-4; 4-6; 5-5 
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Courier, 2-151 
Criticality 

7S*76 

s-5 

Accident, 2-155; 3-46, 63. 65-69; 

Safety, 2-100, 124; 3-60. 63+64; 4-4; 

Curium. 2-99, 149, 170; 3-30 
Cus:odial Department, 2-129 
Cyclcrne Separator, 3-23 

D 
D-Pond (see Ponds, D) 
D&RcY Railroad (see Railroads) 

Data Logger, 2-203 
Decay Heat, 2-152 
Decommissioning, total, 5-11.12; 6-2 
Decontamination, 2-164+166; 3-61, 101; 

Deer, 2-228 
Defense Civil Preparedness Agency 

Demography, 2-12.15; 3-42.43 
Demolition, Total, 5-7, 12; 9-8 
Denver 

D ~ S .  2-49, 212; 3-10, 12; 4-7; 5-19+20 

5-7. 10+12; 9-8+9 

(DCPA), 2-237, 243 

Air, 2-207; 3-11. 32 
Area Popu la t ion i Characteristics , 
Basin, 2-22, 32, 35 
Wergency Response. 2-236, 238; 3-88 
Federal Center, 2-243 
Uuseum of Natural History, 2-10 
Regional Council of Governments 

(DRCOG), 2-12. 14; 3-102, 105 
University, 2-14 
Water, 2-140, 223; 3-11, 5-5 

Design Criteria (see Structual Design 
Criteria ) 

Detection Limits, 2-204, 207, 221 
Diesel Fuel, 2-137; 3-8; 4 - 5 ;  8-1 
Diffusion Meteorology (see Meterology) 
Dillon Reservior, 3-32 
Dimensional Metrology, 2-120 
Dioctylphthalate (DOP), 2-129, 160 
Dispersion, 2-71. 168, 209, 227.228, 

Dissolved Oxygen Controllers, 2-191 
Ditch, 2-47.48; 5-20 
Division of 

3-102.103; 5-16; 6-2; 8-2; 9-1. 3.4 

230. 236; 3-2, 13, 33, 82, 86, 99; 
5-7 

Biological and Environmental Research, 
W A .  2-82 

Disaster Emergency Services, 

Radiation & Hazardous Wastes Control, 
Colorado, 2-240 

Colorado, 2-240 
DOE (see U.S.  Department of Energy) 
Dose 
Accident Risk, 5-1 
Background 8 3-39+40, 77 , 91.92, 97, 

Bone (see also Dose, Organ), 3-82, 
99; 5-1 

8?+89, 91, 99; 5-5, 15; 9-13 

Dose (continued) 
Commitment, 3-35-45. 74. 78.81, 

Conversion factors, 3-33 
Effect relationship, 3-43 
t.iver (see also Dose, Organ), 3-5, 

Lung (see dl50 Dose, Organ), 3-35.42, 

Organ, 3-28. 33. 39, 83.89, 91. 93, 

Organ, 70-Year, 3-40. 71; 5-15 
Population, 3-41.42. 44, 69, 86, 88, 

Population Bone, 3-42 
Population Risk, 3-99 
Radiation, 9-13 
Risk, 3-74, 78.81, 96, 99; 5-5, 8.9, 

86.88; 9-1 

35.42, 78.81. 99 

78.81, 89. 99; 5-5 

lC!0+101; 5-1.7, 14.16, 19.20; 9-7, 
9, 13 

97 

11.12. 16. 20: 9-9. 13 
Thyroid (see also Dose, Organ), 3-74, 
77.82. 86. 89 

Total. 3-39; 44, 97 
Totdl Body (see also Dose, Organ), 

Whole Body (see Dose, Total Body) 
70-Year, 3-32.33. 35, 39, 4i, 82, 93, 

3-28, 34-42, 99; 5-5 

100; 5-1, 3; 9-5 
Dosimeters. 2-106. 241 
Double Drum Dryer, 2-176 
Dow Chemical Company. 2-2; 7-4 
Downdraft, 2-107, 183 
Drainage, (see also Groundwater, Surface 
Water, Stream Flow). 2-46. 48+49, 56, 
68, 83, 193.194, 199, 211; 3-31; 4-6; 
5-20 

Radioactivity in, 2-223; 3-31; 5-4, 6.; 

Source Term for, 3-31; 5-6, 11 
Standard. EPA, 2-90, 213; 5-6 
Standards, USPHS of 1962, 3-14 

Drum, 2- 183+184 
Drum Leakage (see Leakage, Drum) 
Dust Collection Systems, 2-111 

Dri n ki ng Water 

9-13 

E 

Earthquake, 2-16.18, 38.45; 3-72.73 
Ecological 
Uonitoring, 2-220 
Studies, 2-225; 4-2 

Ecology, 2-225 
Economy. 3-104 
Effluent 
Air. 2-113. 158. 165. 168. 173. 191. 
202, 212; 3-50; 4-2, 6,-9 

Chemical. 3-95; 6-1 
Discharge Rates, 2-186 
Particulate, 3-95 
Sanitary, 2-96; 3-31 
Sewage Plant, 2-190.191, 201; 5-5 
Thermal. 3-95 
Water, 2-82, 183. 191, 201, 211+213, 

223; 3-16*22, 31, 50; 4-2, 6, 9; 5-5 
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ECM;. Inc., 2-37, 231 
Eggleston Fault (see Fault, Eggleston) 
Electricity, 2-131; 3-8; 4-5; 8-1 
Electrical Distribution System, 2-132 
Emergencies 

Erne rgency 

Off-site, 2-236+238 
On-site, 2-234 

Air Samples, 2-207 
Circuits, 2-133 
Comntunications, 2-235 
Conditions, 2-147, 243, 251 
Control Center (ECC) .  2-235 
Equipment, 2-242, 251 
Exercises, 2-242 
Generator, 2-101, 133, 137, 143, 147, 

Medical Technician (EMT), 2-235, 253 
Operating Center (EOC), 2-235, 239, 

Plan, Rocky Flats. 2-232+%43 

160 

243 

Radio Systems (ERS) ,  Rocky Flats, 
2-235, 243 

Response Teams. 2-233 
Emission Sources, 5-1 
Emission Test, Vehicle, 2-130 
EHL (Environmental Measurements 

Laboratory), (see also HASL), 2-72+73, 
201, 203, 207, 225, 281: 3-26 

of, 3-102,103 
Employees, Residential Distribution 

Employment 
Direct, 2-3; 3-102+103; 8-2; 9-8, 10 
Indirect (see Employment, Secondary) 
Mu1 t ipl i er , 3- 104 
Secondary, 3-103+104; 9-4, 6, 8.10 

Conservation, 2-134; 3-7; 4-4.5; 8-1 
Conservation Council, 4-4 
Consumption, 2-134; 4-6+5; 8-1 
Reorganization Act of 1974. 2-3 
Resources, 8-1 
Usage, 2-137 

Engineering-Science, Inc., 2-46; 4-8 
Environmental 

Effects, Cumulative, 6-1 
Effects, Nonradiological, 4-1 
Effects, Radiological, 4-2 
Effects, Socioeconomic, 4-3 
Improvement Programs, 6-1 
Moni toring Program, 2-200.202 
Monitoring Report, Rocky Flats 

Annual, 2-196, 199, 201, 204 
Sciences Department, 2-125 
Studies, 3-26 
Trade-off Analysis, 9-1 

Endangered Species, 2-95 
Energy 

EPA (see U.S. Environmental Protection 
Agency 1 

Epidemiological Studies, 3-96 
ERDA (see U.S. Energy Research and 

Development Administration) 
Erosion, 2-19, 21, 56; 3-11; 6-2; 9-13 
Evacuation Procedures, 2-236, 240, 241; 

3- 100 

INDEX 

Evaporation Pond (s2e Pond, Solar 

Evaporator, 2-175-.176. 180, 182 
Exchange of Ififormation Meeting, 2-201 
Fxclusive Use Vehicle, 2-155+156 
Excursion (see Accident, Criticality) 
Ejrhaust 

Evaporation) 

Air, 2-128, 153; 3-61 
Gas. 2-113: 3-61 
Stack, 2-106; 173, 202 
Systems, 2-160, 182, 203; 3-23. 49.50 

Expenditure, 3-105; 9-8, 10 
ExDlosion. 3-62 
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Exposure (see Dose) 

F 

Facilities, 2-7, 125; 5-9 
Failure 

Administrative, 3-49 
lmpoundrnent, 3-50, 52; 5-5; 9-13 
Mechanical, 3-49 

Fallout, 2-72+73, 78, 224+225 
Fast Recovery, 2-111 
Fault 

Eggleston, 2-33, 36, 53 
Golden, 2-17, 22, 25, 34.35. 38 
Kennedy Gulch, 2-25 
Livingston, 2-34-35 
Tree Analysis, 3-69 
Valmont, 2-36+37 

Aviation Administration (FAA), 3-70 
Bureau of Investigation, 2-234, 249 
Highway Administration, 3-94 
Impact Funds, 4 - 3 ;  5-9; 9-4, 10 
Preparedness Agency (FPA), 2-243 

Feed Haterial, 2-102 
Fence, Security (see Security Fence) 
Filter 

Faulting, 2-24, 33, 35, 37, 45, 53 
Federal 

Cer t i f ica t ion Laboratory, 2 - 129, 1 60, 
Efficiency, 2-129, 158, 164+166 
Frames. 2-166+167 

164. 166 

Glass Fiber, 2-203 
HEPA, 2-106, 124, 128, 160, 164+167, 

Improvements, 2-171; 3-30 
Plenum, 3-54, 64 
Surveillance' & tlaintenance. 2-166+167 
System. Air (see Ventilation) 

Final Quality Acceptance h Certification 
(FQAC). 2-122 

Financial Resources (sie Resources, 
Financial) 

Fire 
Accidcnts (see Accident, Fire) 
Beryllium, 3-47, 95 
Department, 2-235, 252+253; 3-58, 61 
Detection, 2-248, 253 
Glove Box, 2-165 
Loading, 3-54, 57+58 

Plutonium, 2-93; 3-53, 59 

186; 3-23, 48, 57+61, 67 

Past, 2-166, 168; 3-53 



Fire (continued) 
Prevention (see Safety, Fire) 
Protection & Ennineerine Deoart- - - .  

merit. 2-127 
Protection Improvements. 3-53.54 
Protection Standards, 3-57 
Protection Surveys, 3-56 
Risk o f ,  3-54 
Safety Program, 3-54 
Suppression Systems, 2-101; 3-54, 58 
Testing Program, 3-57 

Fish, 2-96; 3-27; 5-6 
Fissile Material. 3-60, 63 
Fission Products, 2-17; 3-63, 66, 74, 76 

Flue Gas, 3-23 
Fluidized Bed Incinerator, 2-186 
Flume, 5-20 
Fluoride, 2-173, 213 

Food Ingestion Pathway, 2-229; 3-33, 82, 

Fort Collins, 2-228 
Fossil Fuels. 3-7 

Flood, 2-17, 68, 194, 212; 4-7 

Folds, 2-33, 36 

93 

Front Range,-2-18+19, 21-22, 25, 27, 
32.33. 229 

Fue 1 

Fume Hood. 2-116 
Funds, Federal. 2-2 

Consumption, 3-94; 4-7 
Oil, 2-133+136, 147; 4 - 5 ,  7; 8-1 

G 

Game Animal Observations, 2-225 
Gamma Radiation, 2-99. 105, 113, 183, 

Garage, 2-130 
Cas 

231-232; 3-32, 68 

Inert, 2-137.138 
Natural. 2-133,137. 147; 3-23, 62; 

4 - 5 ,  10; 5-3; 8-1 
Gases, By-product, 2-113 
Gasoline. 2-137; 3-8; 4-5; 8-1 
Gauge Control and Evaluation, 2-122 
Generator. 2-135 
Genetic 
Effects, 3-44+45, 88, 101; 9-5 
Risk (see Risk, Genetic) 

Geologic 
Cross Section in the Rocky Flats 

Area, 2-28 
History. 2-21 
Hap of the Rocky Flats Are., 2-29 
Time Scale of Rocky Flat.. Area, 2-20 

Geomorphology, 2-l* 
Glove Box, 2-99+100. 104+105, 110, 

113*114, 137-138, 158-162, 165, 
183+184; 3-48, 5 4 ,  58, 60, 63, 161; 
4-9 

Golden, 2-10. 22, 25, 34+35, 38, 223; 
3-103; 7 - 1 ,  3 

Gonads, 3-44 
Good Financial Corporation. 2-77, 79 

Geology, 2-16; 3-10; 4-1 

/- 
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Governor of Colorado. 2-239,240 
Graben, 2-25, 35 
Grazing. 2-94; 6-2 
Great Plains Province, 2-18 
Great Vestern Reservior. 2-4. 47. 56, 82, 
90, 92-93. 190. 193-194. 211; 3-7, 9. 
11-12. 31+32. 51.52, 7 3 ;  4- f4 ,  9; 5-1, 
5.6. 11. 15. 20; 9-13 

Green. Cecil H., Observatory, 2-40 
Gross Reservoir, 2-140; 3-32 
Ground Plane 1rradi.tt ron, 3-28. 41, 86, 

Groundwat er, 2-49-55. 194- 196. 199; 

Guards (see Security Gudrds) 
Guides (see Standards) 

99 

2-213, 222; 3-10-12 

H 

HASL (Health dnd Safety Laboratories). 
(see a lso  E?!L). 2-72-73, 75. si, 201; 
5-17) 

Hazard (see Accident; Risk) 
Hazardous Material: hcgulatioris, 

USDO?. 2-156 
Heal t h 
Effects. 3-43.45. 96-07. 100 
Physics.Dep,artment, 2-125. 238 
Safety, and Environment Manual, 2-106 
Safety and Environment Program. 2-123 
Sciences GroLp, 2-126 

Heat Detect ion, %-5X 
Heat Detector, 2-101 
Heating Degree Days, 2-66 
Helium, 2-1 18 
HEPA Filter (see Filter, HEPA) 
Herbicide. 2-187 
Historic Sites, 2-10 
Ho1dir.g Pond (see Pond, Holding) 
Holding Tank, 2-173, 100 
Homestake Heservoi r, 3-32 
Hospitals, 2-11, 124 
Hurricanes, 2-57 
Hydrocaibons, 2-186. 202; 3-23, 27. 95 
Hydrology, 2-46. 50. 230; 3-11; 4-1 

I 

ICRI (International Commission on 
Radiological Protection). 3-33 
Idaho 
Falls Operations Office, 2-237.238 
National Engineering Laboratory 

Springs-Ralston Shear Zone. 2-33.34 
ldealite Cement Company, 2-29. 31 
Impact. 3-28, 101. 105; 5-8; 9-4 
lmpoundmtnt 
Dams, 5-19; 9-12 
Failure (see Failure, Impomdment) 

Incentive Program, 2-123 
Incineration, 2-186 
Income. 3-104; 9-4, 8 ,  10 

(INEL), 2-151, 184.185 
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Industrial 
Development. 2-11; 4-3; 6-2; 7-1, 3 
Engineering Department, 2-125 
Facilities near the Rocky Flats 

Hygiene Department, 2-111. 126, 130 
Safety Department, 2-126 

Plant, 2-11; 6-1 

Ingot. 2-102, 104, 107, 109; 3-6'5466 
Ingestion. 3-93 
Inhalation Pathway, 3-33, 39, 86, 938 

Instrumentation Management Group. 2-121 
99 

Interagency Radiological Assistance 
Plan (IMP), 2-232, 236 

International Commission on Radio- 
logical Protection (ICRP), 2-201; 

Interstate Commerce Commission, 2-237 
Xnventory Difference, 2-256, 2584259 
Iodine-131, 3-74., 77, 86 
1rriga:ion , 2-51 , 96 

3-3, 28 

b I  

Jefferson County 
Airport, 2-151; 3-70, 94; 7-2.3 
Commi ssioners , 7 - 11 
Emergency Response, 2-238+239 
Extension Service, 2-187 
Health Department , 2-18.79, 12 , 201, 
Income, 3-65 
Land Use. 7 - 1 ,  4 
Planning Cowmission, 7-1 
Sheriff's Office, 2-238, 251 

203, 207, 2244225; 3-107 

Joining, 2-116 
Joint Nuclear Acc 
Center (JNACC) , 

Journal Articles, 

Kinnear Ditch and 
2 - 4 7 ,  49 

dent Coordinating 
2-237 
3-106 

K .  

Reservoir Company, 

L 
I Labels, packaging, 2-156 

Laboratory, 2-1 19.120 ' Lafayette, 2-223; 3-103; 7-1, 3 
1 Lake Cheesman, 3-32 

Lakes, Regional, 2-224 
Lakewood , 3-103 
Lamm-Wirth Task Force Report, 3-107 
Land 
Acquisition, 5-18419 
Management, 5-18; 6-1 
Use, 2-10412, 97, 225; 3-9; G-l+2; 

Use, Plant Influence on, f-3 
Use Planning Map, 7-2 
U s e m a n s ,  2-97; 7-1, 3 

Location, 2-71, 1984199; 3-10 
Radioactivity in, 2-199+200 
Seepage Ponds, 2-200. 212 
Use, 2-130, 199; 3-4, 10, 12; 4 - 6 7  

7-1, 3+4; 8-1 

Landf i 11 

Landslide, 2 - 4 5 .  51 
Laramide Orogeny, 2-22.. 35.36 
Last Clrdnce Ditch, 2-47 
Laundry, 2-128 
Lawrence Livereore Laboratory (LLL), 
2-236 

Lawsai ts , 7-4 
Leakage, drum, 2-73, 92.93, 224. 227; 
3-28, 5-6. 14 

Leukemia, 3-43 
Leyden, 2-53 
Limit 
Administrative, 2-193; 3-29 
Nonradioactive Release, 3-14. 23 
Nuclear Materials Safety, 2-106 
Radioactive Release. 2-168. 170. 

172+174, 193 
Limnology Determination, 2-225 
Lindsay Pond, 2-96 
LiD Area. 5-13 
Lihuid Scint i 1 iat ion Spectrometry , 2-203 , 

226 
Liquid Waste (see Waste, Liquid) 
Littleton, 3-103 
Liver Dose (see Dose. Liver) 
Livestock Production (see Ranches) 
Livingston Fault (see Fault, Livingston) 
Longitude, 2-5 
Longmont, 3-103 
Loss Prevention Programs, 3-57 
Louisville, 2-223; 3-103; 7-1, 3 
LSA (Low Specific Activity), 2-183 
Lung 

Burden. 2-227 
Cancer, 2-108 
Dose (see Dose, Lung) 

n 
Machining, 2-104 
Machining & Gaging Organization, 2-117 
Hacroinvertebrates, 3-27 
Hagnesium Oxide, 2-138 
Hammals, 2-35, 225, 227 
Manager, Rocky Flats Plant, 2-232. 242 
flanpower (see Resources, Manpower) 
Harginal Propensity to Consume 

Materi a1 
(MPC), 3-104 

Accountability, 2-255 
Balance Account (MBA), 2-256, 258.259; 
5-6 

4-7; 5-19.20 

2-224 

flcKay Ditch, 2-9, 47, 194, 211; 3-12; 

)IDc (Hinimum Detectable Concentration), 

Medical Department, 2-124, 235, 241 
Hercaptan , 2-133 
Hetallurpy, 2-115 
Uetals 

Fabrication of , 2-110 
Heavy, 2-195 

Metalworking Operations, 2-115 
Meteorological 

tlonitoring. 2-209, 211 
Towers, 2-2G2, 209, 211 

Hcteorology, 2-57, 68469; 3-12 
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Mineral Resources, 2-31 
Hist Eliminators, 2-160 
Hodifications to Operations, 5-3 
Hodule, 2-99, 101; 3-55 

donitoring 
Holds, 2-104 

Air (see Air Xonitoring) 
Closed-circuit Television, 2-245 
Personnel, 2-105-.106 
Systems, 2-260; 4-10 
Water (see Water Monitoring) 

Mourning Oove Nestlings, 2-227 
Hule Deer, 2-95, 227 
nuqcit, 2-227 

N 

Na t iona f 
Academy of Sciences, 2-78: 3-96 
Aeronautics qnd Space Administra- 

tion, 2-237 
Bureau of Stnndards (NBS), 2-129, 184 
Center €or Atmospheric Research 

Council on Radiation Protection and 
Measurements (NCRP), 2-201; 3-3, 

Defense, 2-3; 3-102; 5-10; 8-2; 9-1, 

Environmental Research Center at 

(NCAR), 2 - 5 7 .  209 

39. 43 

3, 8+9 

Las Vegas, 2-229 
Fire Protection AssociaZion (NFPA), 
2-147; 3-53 

Institute of Occupational Safety & 
Health (NIOSH),  2-108 

Oceanic & Atmospheric Administration 
(NOAA), 2-40. 57 

Pollutant Discharge Elimination 
System (NPDES), 2-191, 201, 213; 
5-5 

Pollutant Discharge Eliminatlon 
System Permit, Violations of, 2-192 

Preparedness Plan, Rocky Flats, 2-236, 
243 

Warning System (NAWAS), 2-238. 240, 
243 

Weather Service. 2-209 
Natural Resources. 3-2, 4 ;  4-3; 5-3, 10; 
8- 1 

Nebraska Business Research Bulletin, 
3-104 

Needle Ice Formation. 2-229 
Neptunium, 2-99, 143, 170; 3-30 
Neutron, 2-93;  3-64, 68 
Nevada 
Applied Ecology Group (NAEG) 
ReDOrLs. 2-81 

Test' Site- (NTS), 2-229 
Nitrate, 2-173. 191, 196, 213, 223; 4-7 
Nitric Acid, 8-1 
Nitrogen, 2-138, 160; 3-23,  55,  58, 60 ,  

r 

95 -- 
No Change in Current Activities, 9-1 
Noise, 3-106 
Nondestructive Testing, 2-117, 121 

INDEX 

Noma1 Operation. Im'Dact of, 3-4. 14. .~ 
25; 9-5 

Normal Ooerational Loss (NOL) Discard 
Limits; 2-174 

Northnlenn. 2-211: 3-103 
NPDES-( see .Nat ionai Pollutant Discharge 
Elimination System) 

NRC (see Nuclear Regulatory Commission) 
Nuclear 
Materials Accountability System, 2-258 
Haterials Control, 2-246, 253, 255. 

Materials Hanagement & Safeguards 

Regulatory Commission, 3-99 
Safety (see Criticality Safety) 
Weapons, 3- 102 
Weapons Cotcponents. 6-2 

257, 260 

System (NKHSS), 2-255 

0 

Oak Ridge National Laboratory, 2-113. 

Occupational Safety and Health Act 

Occupaticnal Safety and tiealth AAminis- 

Oil Drum Leakage (see Leakage. Drum) 
Operating B a s i s  Earthquake ( O B E ) .  2-147 
Operational Safety Analysis !OSAI, 

operations and Plans Croup. 2-117 
Organic Waste (see Vaste. Organic) 
OSHA (Occupational Safety and Health 

Overflights, 3-71 
Oxide 

3-26 

Regulation 1919.134. 2-129 

tration (OSHA), 2-108 

2-123*124, 126; 4 - 8  

AdministratLon). 3-24 

Americium. 2-114 
Plrtonium (see Plutonium Oxide) 

P 
Packaging 
Quality Assurance Program for. 2-152 
Standards, 2-155 
Surface Contamination on, ̂ -I56 

Paper Recycling Program, 4-5 
Parking area, 2-130 
Parks, 2-10 
Particle Samplina Probes. 2-233 
Pasquill Stability Classes, 1-68471. 
211: 3-82. 86 

Patenis, 3-io6 
Pathology, 2-228422s: 
Pathway, 3-33, 41, 86 
Payroll, 3-104; 5-9; 8-2; 9-4, 8 
Pediment, 2-27 
Periphyton, 3-25 
Personnel, 5-9; 9-344 
Pest Control, 2-187-.188 
pH, 2-96, 173, 213 
Phcsphates, 3-27 
Physica 1 
Barriers, 2-245 
Inventory, 2-256 
Uetrology, 2-120 
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Physiography, 2-18 
Pierre Shale, 2-35, 46 
Piping Systems, Process Wastewater, 

2- 173. 174 
Planned Unit Development, 3-42; 7-3 
Plant Protection, 2-245, 244, 251 
Plenum. 2-160, 163.164, 16c.iri7. 182; 

Plowing, 5-8, 11, 16; 7-4; +:-lo 
Plume, 2-69-70; 3-13, 82. LIG 
Plutonium 

3-58 

-238, 2-152 
-239. 2-90. 101, i35, 152, 174, 184,. 

-241 ,  2-76, 113, 152, 170; 3-30+31. 

212 

33. 74 

-239 Contours, 2-74, 2?9 

Contaminated Oil, (see Leakage, Drum) 
Fabrication and Assembly, 2-102; 5-9 
Facilities, 2-164+165, 170. 203 
From Other DOE Facilities, 2-254 
Handling, 2-99 
In Air, 2-72. 164.165, 168, 203, 205, 

In Aquatic Systems, 2-226 
In Ponds. 3-52 

207; 3-48+49, 53, 60*61, 70 

In Respirabli-Dust, 2-82 
In Sediment, 2-51, 82, 85+88, 90.91. 
93: 5-6 , - -  

In Soil. 2-54, 72+73. 75.77, 79, 

In Vegetation Santples, 2-230 
In Water, 2 - 5 5 ,  85+88, 90, 193, 198, 

Isotopic Composition of, 2-170 
Laboratory, 2 -  119 
Metal. 2-105, 110, 114 
Minimum Detectable Concentration, 

90.93, 198, 225.228; 5-6. 8 ,  12, 
14-16. 49; 6-1; 7-4; 9-11+13 

200. 213, 223.224; 3-31 

2-230 
Movement of in Watercourse, 2-226 
Orders, 3-105 
Oxide, 2-105 ,  114, 3-60 
Properties of, 5-17 
Recovery, 2-3. 111, 114 
Recovery E; Waste Treatment Facility, 

I new, 2-16. 52 ,  114, 131, 137, 165, 
167. 174, 230; 4-8; 5-3.4, 6 ;  6-1; 

! 9-5.7 
j Releases (see Releases, Plutonium) 

Removal from Soil (see Soil, Removal 
of  Plutonium from) 

Residues, 2-112+113 
Source Term, 3-30 
Tetrafluoride, 2-114 

2-212 

Plywood Boxes, 2-184 
PMP (Probable Maximum Precipitation), 

Pocket Gophers, 2-94, 228 
Pollutant (see Contaminant) 
Pond(s) 
A-Series, 2-49, 84.86, 96, 174.175, 
211+212, 314, 217+220; 3-14-22; 
4 - 7 ;  5-7, 9. 14-15. 19 

l f b -  

. . .  I * . '  

e 

Pond(s) (continued) 
Asphalt-lined, 2-141, 174.175 
B-Series, 249, 84-87, 89, 96, 174-175, 

Bypass, 2-194 
C-Series, 2-49, 84.86. 88, 96, 211+212, 

Capacity, 2-49, 211 

Decontamination, 5-11 
Discharges, 2-213 
Farm, 2-97 
Holding, 2-9, 49, 84.85, 96, 190-.19i, 

Liners, 2-195 
Raw Water Storage, 2-140-.141 
Retention and Settling, 3-10; 5-19 
Solar Evaporaticn, 2-174-175, 194-198, 
213; 3-51-52; 4-7; 5-4+5, 13 

Solar Evapcration, Radioactive 

Solar, Leakage from, 2-198 
Storage, 2-174 
See also fmpoundment Failure 

Densities, 2-14; 3-42, 89; 9-3 
Distribution, 2-6, 12-14; 3-42.42, 

Dose (see Dose, Population) 
Growth Fattern, 2-12.14 

211-213, 215, 217+220; 3-16-19; 4 - 8 ;  
5-7, 9 ,  14+15. 19 

215, 217-220; 3-16-22; 5-19 

D. 2-97 

194, 211.213, 224; 3-6; 5-6, 15 

Naterial in, 3-51 

Population 

102- 103 

Precipitation, 2-47.48, 67.68; 3-12 
Precipitator Feed, 2-182 
Pressurc Vessels, 4-10 
Probabilities, 3-46.47, 4 3 ,  52, 54, 59, 

Process Waste (see Waste, Process) 
Products of Combustion (POC) 

Propane, 2-133, 137; 8-1 
Protection Forces (see Security Guards) 
Protective 

69.70, 72, 92. 96, 101; 4-2 

Detection, 3-58 

Action, 4-2; 9-5 
Action Guides (PAG), 2-238 
Equipment, 2-111 

Law 94-187, 2-152+153 
Service Company of Colorado, 2-131, 

Tours, 3-107 
Warnings, 2-240 

Purchase, 3-105; 9-4, 8 
Purification, 2-112 

Public 

133; 3-8 

Q 
Quality 
Acceptance, 2-121 
Assurance, 4-8 
Control Department, 2-184 
Control InspecLion, 2-122 
Control Plan, 2-184, 4-8 

Program Plans, 2-12L 

. 
. Engineering, 2-118 

Quarternary Faulting, 2-25, 35 
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RTD (Regional Transportation 

Radiation 
District), 4-5 

Alert Network, 2-205 
Background, 2-72, 92, 198; 3-89, 91 
Dose Rate, 2-155+156 
Exposure, 2-106, 155 
External, 2-183 
Instrumentation Department, 2-125-126 
Monitoring, 2-101, 106, 127+128, 183, 

185, 191, 203, 238 
Radioactivity Concentration Guide 

(RCG), 2-55, 90. 165, 168. 173+176, 
193, 201, 203, 213, 223; 3-3, 43; 
5 - 4 ;  6-1 

Radiochemical Laboratory, 2-119 
Radioecology Studies, 2-226, 228 
Radiography, 2-104, 228 
Radiological 
Assistance Team, Rocky Flats, 2-238 
Assistance Plan, USWE. 2-236+237 
Effects, Mitigation of, 4-7 
Emergency Response Plan, 3-82 
Exposure Control, 2-241 
Survey, Aerial ( s e e  Aerial Radio- 

logical Survey) 
Radiometric 

Alarm, 2-246 
Analysis, 2-203 
Scanning Devices, 2-246, 248 

Radionuclide Mixtures. 2-202 
Rail Cars, 2-184 
Railroad, 2-11 
Rainfall, 2-46+48, 57 , 68, 193+194; 
Ral s ton 

3-52 

Creek, 2-25 
Reservoir, 2-47, 50, 90, 140-141; 

Valley Weed Control District (see 
3-32 

Weed Control District, Ralston 
Val ley) 

Ranches, 2-12; 6-2 
-Raschig Ring, 3-63. 65 
Recreation Areas, 2-10 
Reference Man, 3-32, 39, 41, 77, 82 
Relative Humidity, 2-63, 67 
Release 

9-5 
Accidental, 2-92; 3-47, 62, 74, 82; 

Airborne, 2-168+171; 4-7 
Expected, 3-47. 73474. 76 
Maximum credible, 3-4647, 4 9 ,  70, 

Past, 2-72+73, 82, 168.170. 191, 198; 
8689 

3-93: 4-2 
Past, €uture impact of, 3-92 
Plutonium, 2-92, 167-170; 3-45-49, 62, 
67, 75, 86 

Transportation, 3-95 
Tritium, 2-172 
Waterborne, 2-89; 5-1; 9-13 

INDEX 

Relocation, 5-7-9; 6-2; 9-7+8 
Remote Sensing Imagery. 2-37 
Reptiles.' 2-95 
Research & Engineering (R&E), 2-115 
Reservoirs, 2-49+50, 224; 3-31 
Residential Distribution, 3-102; 4-3; 

Resource 
Conservation and Recovery Act, 3-3 
Commitments of, 8-1 

Resodrces 
Financial, 8-2 
Uanpover, 8-1 

Respirable Dust, 2-79 
Respiratory Protection, 2-102, 128+129. 

Resuspension, 2-78+80; 3-28, 30. 33, 39; 

Retail Sales, 3-105 
Retention Ponds (see Pond, Holding) 
Retriever, 2-1.02, 114 
Revegetation, 2-72; 3-13; 5-8, 14; 6-1; 

Revenue Loss. 5-9, 12; 9-9+10 
Reverse Osmosis System, 2-82. 174, 191; 

Reynolds Electrical and Engineering 

Reynolds, Smith and Hills. 2-137 
Risk 

6-2; 7-3; 9-13 

. 183. 241 

5-8 ,  14*16 

9-10 

4 - 4 ;  5-5+6 

Company, 2-229 

Absolute, 3-43 
Assessment, 2-16; 3-43; 5-8; 9-13 
Cancer, 2-108; 3-88, 96.97, 99 
Cancer Mortality, 3-44, 89+90 
Dose (see Dose, Risk) 
Estimates. 3-43+44, 88 
Genetic, 3-44, 88+89, 97, 100 
Improper Closure of Packages, 3-99 
Maximum Potential. 4-2 
Relative. 3-43 

Risks 
of  Death from Common Accidents, 3-90+ 

91. 100: 9-5 
From Comp 1 et ing Changes to Existing 

From Existing Plant Operation, 9-1, 5 
From Relocation of Plant, 9-9 
From Termination of Plant Operations, 

Plant Systems, 9-6 

9-11 
Roads, 2-130 
Rock Creek, 2-9, 47, 96, 211; 3-11 
Rocks, Sedimentary, 2-20, 32 
Rockwell International, 2-3; 7-4 
Rocky Flats 

Alluvium, 2-21. 31, 4 5 4 6 ,  50, 55, 199 
Lake, 2-47 
Monitoring Committee, 3-107 
Pediment, 2-21 

Rocky Flats Plant 
Aerial View, 2-7 
Boundaries of, 2-4+5 
Descrlption of, 2-3 
Elevation of, 2-18 
External Appearance of, 2-5 

s 
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Rocky Flats Plant (continued) 
Floor Space of, 2-7; 5 - 3  
History of, 2-2 
Location o f ,  2-5+6 
Mission o f ,  2-3 
Production Activities of, 2-3 
Site Environment, 2-?-.9 
Site Plan. 2-9 
Size o f ,  2-3 
Structures, 5-12-13 

Rocky Mountains, 2-25 
Rocky Mountain Arsenal, 2-33. 38, 4 0 .  

Runoff (see Surface Water Runoff) 
44-45; 3-73 

s 
SAAn (Selective Alpha Air Monitor), 

Safe 
2-101, 103 

Drinking Water Act, 3-3 
Secure Trailers (SST), 2-151, 155 

and Security, 2-127, 233. 243, 250 
Committee, 2-260 

Safeguards 

Safety 
AnaIysis Reporm ( S A R s ) ,  2-16, 18, 
35-36, 38. 44, 125: 3-73: 5-18 

Criticality. 2 - 1 5 2 ;  3-63  . 
Features, 2-120. 138; 5-18 
Fire, 2-101, 138, 160, 164; 3-53+58; 

Meetings, 2-123 

Air. 2-110. 201, 205; 5-16 
Grab, 2-194, 212. 223 
Soil, 2-201. 224-225 
Stack, 2-170, 2044 
Vegetation. 2-230 

4-9 

Salts, 2-130, ;76, 182; 5-4 
Sample 

Water, 2-198, 201, 213, 221+224 
Well. 5-16 

Sani taiy 
Landfill (see Landfill) 
Waste (see Waste, Sanitary) 
Wastewater System, 2-144 
Water Recycle System, 4-8 

Schwartzwalder Uranium Mine, 2-29, 31 
Scrap, 2-104, 107, 109, 183 
Screening Level, 2-76 
Scrubber, 2-107, 160, 166+167, 182; 4-7 
Security (see also Safeguards d Security) 

Schools, 2-11; 4-3: 9-4 

Access Authorization (clearance), 
2-244, 248 

Area, Internal, 2-12?. 245 
Badge, 2-245 
Badging System, 2-250 
Fence, 2-5, 9, 245-246; 5-7 
Guards, 2-246-247 
Program, Physical, 2-244 
Survey. 2-252 

50; 5-6-7, 9, 11+12, 14.16 
Sediment, 2-72, 82, 85. 90. 174; 3-12, 

INDEX 

Sedimentation, 2-56 
Seepage, 5-4 
Seismic 
Criteria, 2-16.18, 147; 3-73 
Reflecticn. 2-37-38 
Standards, USNRC, 2-17 

Seismicity, Historical, 2-38-40 
Seismograph , 2-38, 4 0 ,  4 3  
Seismology, 2-16 
Service Laboratories, 2-119-120 
Seventy Year Dose (see Dose, 70-Year) 
Sewage 
FloWS, 2-190 
Lift StaricIis, 2-190 
Plant Discharge, 4 - 6  
Treatmer:" Plant, 2-89, 188, 212; 8-1 

Shieldipg. 7-99, 105. 113 
Shift Superintendent, 2-233, 235-236, 
238, 242 

Shipment 2-148.153, 156; 3-94+97 
Shipping 
Containcrs (see Container, Shipping) 
Labels. 2-156 
Radioactive Waste (see Waste Shipping) 

Shower, 2-102. 110 
Shutdown, Complete, 5-11+12; 9-9 
Sierra Elementary School, 2-11 
Site 
Restorarion, 5-12; 9-8-9 
Selection, 2-2 
Survey, 2-207 

Size Reduction, 2-184 
Sludge, 4-6 
Small Wind Energy Conversim System 

Smart Ditch, 2-47, 97 
Smoke Detectors, 2-101 
SNH (see Special Nuclear Material) 
Snakes, 2-95, 227 
Sncwmel t , 2-47+48 
Socioeconomic Impact ( s e e  impact, 
Socioeconomic) 

Sodium Silicate, 4-6 
Soi 1 
Analysis, 2-78 
Classification Survey, 2-230 
Colorado State Guidelines for, 5-15-16, 

Conservation Service, 2-27, 71, 231 
Decontamination o f ,  5-11, 14; 9-13 
Disturbance, 5-16 
Plutonium in (see Plutonium in Soil), 
2-73; 5-8 
Plutonixm-Contaminated, 3-92+93; 5-8.  

Profiles. 2-80 
Protection, 3-11 
Removal of, 5-7+8. 11, 14+16; 9-6+7 
Removal of Plutonium from, 5-13, 17 
Reseeded, 5-20 
Sampling, 2-73, 75-81; 5 - 1 9 ;  7-4 
Sampling Programs, 2-224 
Screening Level, 2-76 
Wind Movement o f ,  2-227 

(SWECS) (see Wind Energy 'iest Facility) 

19 

11+19; 6 - i ;  7-4; 9-11-13 
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Soils, 2-27, 78' 
Solar Evaporation Pond (see Pond. 

Solid Waste ( s e e  Vaste, Solid) 
Solvent, 2-186 
Source Terms. 3-28.33, 49+50, 62, 

South Boulder 

Solar Evaporal :on) 

67; 5-7, 10, 15.16 

Creek, 2-47, 140; 3-32 
Diversion Canal, 2-47, 49. 140 

South Platte River, 3-32 
Special Nuclear Material(~) (SNM). 

Special Order Opernt ions, 2-118 
Special Weapons and 'Tactics (SWAT), 

Spectrometry Equipment, 2 - 2 0 3  
Spill, 3-48, 98 
Sprinklers (see also Fire Suppression 
Systems), 3-55, 57, 60 ,  62;  4-9 

S t .  Anthony t i o s p i t c i l ,  2 - 1 2 4 .  235, 
240+2[ 1 

St. Luke's Hospital. 2-124, 241 
S t .  Vrain C r e P L .  3-32 

S t anda rds 

-- 
2-;51 , 244, 246-250. 243.255, 258; 
4-10 

2-251 

Stacks. 2-7, 166. 170, 173, 203; 4-7 

Air. 3-24, 76. 125. 202 
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Background. 2-72 

171.172 

Cattie, 2-229 
DeDleted. 2-109. 171.172. 184 
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Nonradioactive, 2-135;136, -186; 3-16+ 

22. 27; 4-2 
Nontransuranic , 2-183.184 
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5-4; 9-7 

6-ti 
Urine Sampling , 2- 106 
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Studies PJmmittee, 3-32 
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Woman Creek, 2-21. 47.49,. 96. 193, 211, 
227; 3-4, 11. 14. 25, 27, 31; 4-18; 
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